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INTRODUCTION

This Volume 4 of the Water Resources Research Catalog is published pursuant to the
Water Research Act of 1964 (78 Stat. 329 aos amended by 80 Stat. 129), whose purposes
(as stated in the preamble) are: “In order to assist in assuring the Nation at all times of a supply
of water sufficient in quantity and quality to meet the requirements of its expanding population,
it is the purpose of the Congress, by this Act, fo stimulate, sponsor, provide for, and supplement
present programs for the conduct of research, investigations, experiments, and the #raining of
scientists in the field of water and resources which affect water.”

The Catalog series, initiated in February, 1965, with Volume 1, Part 1, presents annually
summary descriptions of current research on water resources problems. Such information is
needed by the Office of Water Resources Research as one of the tools for administration of
the program c* research support in accordance with the statutory requirement to avoid undesir-
able duplication of effort. The Catalog also makes readily available to all who are engaged in
water-related research, or otherwise concerned with water resources problems, information
on what is being done, by whom, and where. Three years of experience demonstrates that
availability of this information is valuable to research program administrators, research scientists
and engineers, and the users of research results.

Confinuing enlargement of research activities, responsive to the magnitude and urgency
of water resources problems, makes all the more necessary availability of information on current
activities. Volume 4 of the Catalog is one means of providing that,

Appreciation for continuing effective cooperation and support of the Catalog project is
expressed to Dr. Bernard B. Berger, Chairman, and to each of the individuals who constitute
the membership of the Committee on Water Resources Resecirch of the Federal Council for
Science and Technology. They are responsibie for the timely provision of informative summaries
of 3,824 federally-supported research projects. Appreciation also is expressed to the personnel
of the universities, research institutions, state agencies, industrical enterprises, and others who
have voluntarily contributed the descriptive summaries of 677 research projects that are wholly
supported from non-Federal sources. As in the case of Volume 3, publication of this volume is
possible only because of the outstanding cooperation, the special efforts, and the highly skilled
performance of the Science Inforrnation Exchange in completing its assigned tosk.

Volume 4 includes description of 4,501 active research projects in comparison with 4,193
in Volume 3 for 1967. This increase generally reflects the expanding interest in water resources
research that has taken place and the accompanying research cctivity. The Catalog lists
5,749 investigators, 781 performing organizations of which 194 are Federal and 587 non-
Federal, and 320 supporting organizations of which 31 are Federal and 289 non-Federal.

/(/j{zwc/ A ;é’ sl

Roland R. Renne
Director

Office of Water Resources Research




EDITOR'S NOTE

Volume 4 of the Water Resources Research Catalog has been prepared at the request of

the Office of Water Resources Research, Department of the Interior, by the Science Information
Exchange of the Smithsonian Institution as part of its continuing responsibilities as the national
cataloging center for current water resources research. |t provides information on 4,501 on-
going water resources research projects, supported by both Federal and non-Federal funds,
which were collected by the Science Information Exchange through o special solicitation of
Federal and non-Federal sources. About 101 additional potential non-Federal sources of water
research were queried over those contacted for Volume 3. Also, the director of each of the 51
state water research institutes was requested to submit records for new non-Federal projects.

Included in Volume 4 are reports of research being carried on in the 50 states, the District
of Columbia, and Puerto Rico as well as research in about 25 foreign countries. The total of
4,501 summaries in Volume 4 represents an increase of 308 over the number that were listed in
Volume 3. However, this should not be construed only as an absolute increase in the amount
of research being done, but rather as a combination of increased water research effort plus
more complete coverage of existing research not previously registered at the Exchange. At the
same time, a more rigorous screening out of inappropriate projects was accomplished by the
contributing agencies.

The research listed has been forwarded for inclusion by the supporting agencies. Frequently,
several agencies contributed substantially to a single research project, or to various aspects
of o single project, and several summaries were received describing essentially the same
research. If these similar descriptions could be accurately identified as comprising the same
research, there would still remain the problem of deciding which summary best described the
research. Thus only projects with identical summaries have been removed. The various supporting
sources are identified in every case.

The projects included herein were reviewed, updated, and designated as water resources
research by the original source of the material: Federal and state agencies, private industry,
academic institutions, private foundations, and individual scientists, The contributors also
assigned each summary to one of the nine major water resources research categories estab-
lished by the Committee on Water Resources Research of the Federal Council for Science and
Technology (February 1966). The categories define the nine chapters of the Catalog in which
the surnmaries appear. In addition to the summaries of the 4,501 projects, the Catalog contains
the following indexes: Subject Index, Investigator Index, Contractor Index, Supporting Agency
Index, and an Index of Chapter Definitions. The information which appears in the summaries
and indexes was taken directly from the project records as received by the Exchange.

The Subject Index is based on o hierarchy developed by the Science Informaution Exchange.
The index terms are arranged in hierarchies indicating relationships between b.oader and
narrower subject terms. Related terms are thus grouped together under broader terms. The
hierarchical term is followed by the project title, a list of about five keywords, and the chapter
number of the project. All index terms were selected to emphasize the water aspects of the
project.

The indexing is as specific as the language of the project summary, however, as it is
hierarchical in nature, a project which deals with “riparian rights” will be indexed to that specific
term under a hierarchy consisting of the term “water rights” and the still broader term “legal
aspects of water.” Thus, one must turn to the high level term "legal aspects of water” to find
projects dealing with riparian rights, but he will also find all other legal studies grouped together
in the same section. To further aid in locating subject areas, the first high level hierarchical
term to appear on d left-hand Subject Index page is also printed in the upper left-hand Corner
of that page, and the last high level term to appear on the right-hand page will also appear
in the upper right-hand corner of that page in dictionary fashion.

The Supporting Agency Index consists of o single alphabetic listing of both: Federal and
non-Federal sources of support. in view of the large number of state agencies and departments,
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they are displayed as o combined group under each state. All investigators cited on the source
document are included in the Investigator Index. An asterisk is used to designate the indi-iidual
specified as principal investigator. However, in some instances it is apparent that the “principal
investigator” denoted on the source document is, in fact, a program manager who is not working
at the contractor location given in the project summary. The Contractor Index is cin alphabetic
listing of the performing organization and its location.

All of the indexes in the Catalog were generated by means of a computer, necessitating o
limitation of the number of characters avoilable for index terms and caption. Thus, in some
instances, abbreviations had to be used.

We hope that the users of this Catalog will advise the Science Information Exchange of any
errors of omission or commission that have been made. Also, critiques of this Volume are
encouraged so that future editions might best reflect the information therein in a format and
with indexes which are most convenient and acceptable to the user.

Monroe E. Freeman, Director
Science Information Exchange
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DESCRIPTION OF RESEARCH TASKS

1. NATURE OF WATER

Properties of Water; Aqueous Solutions.

1.0001, THE EFFECT OF SURFACTANTS ON THE
AQUEOUS SOLUBILITY OF OXYGEN AND HYDROGEN
SULFIDE
R.H. DINIUS, Auburn Univereity, Water Resources Research
Inst. , Auburn, Alabama 36830

The solubility of oxygen and hydrogen sulfide as effected by
surfactants in aqueous systems is being determined. Cationic and
anionic surfactants with alkyl groups representing optimum sur-
face activity, wetting ability and the combination of the two
propoerties are being utilized in this investigation. Wet chemical
methods are used to determine oxygen and hydrogen sulfide con-
centrations. The maximum surfactant concentrations used in this
investigation correspond to the critical miscelle formation con-
centration.

SUPPORTED Y U.S. Dept. of Interior - O. Water Res. Rch
Auburn University

1.0002, DIFFUSION OF OXYGEN AND HYDROGEN SUL-

g?l‘?TlN WATER AS .SFFECTED BY DISSOLVED SURFAC-
S

R.H. DINIUS, Auburn University, Water Resources Research

Inst. , Auburn, Alabama 36830

The proposed research is to determine and measure the ef-
fect of surfactants upon the diffusion coefficients of oxygen and
hydrogen sulfide in aqueous solutions of surfactants. A secondary
objective is to determine the effect of surfactants on the structure
of the near infrared absorption spectra of water. A comparison of
the effects of surfactants on both sets of measurements will be
made in terms of the molecular size, spatial conformation and
charge distribution of the surfactant molecule.

Diffusion coefficients are being measured in terms of con-
centration change as a function of time across a diaphragm diffu-
sion cell, Oxygen concentrations will be determined with qalvanic
type cells and H2S concentrations will be determined via the gas
chromatograph.

NIR spectra will be measured in the 0.8 to 1.5 micron range
as a function of surfactant concentration.

As a result of initial work with the galvanic type oxygen
determination cell an effort is being made to improve its long
term stability and like time. The possible effects of the absorption
of foreign species on the membrane of the cell upon cell sensitive
to oxygen is being determined.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Auburn University

1.0003, DIFFUSIVITY OF OXYGEN AND SYLFIDE SPE-
CIES IN AQUEQUS SOLUTIONS
R.H. DINIUS, Auburn University, Graduate School, Auburn,
Alabama 36830

The Proposed research has three objectives: 1. Continuation
of oxygen diffusivity investigations to determine the effect of
solutes (e.g. surfactants and some simpler electrolytes such as
phosphates a.:d carbonates) found in waste discharges. 2. Extend
the diffusivity studies to sulfide ions in the solution systes:. nsed

above. 3. Continue development work on a continuous, «on-
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destructive method for measuring hydrogen sulfide concentra-
tions.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Auburn University

1.0004, PATHWAYS OF TRACE ELEMENTS IN ARCTIC
LAKE ECOSYSTEMS

R.J. BARSDATE, Univ. of Alaska, Inst. of Marine Sciences, Col-
lege, Alaska 99735 (AT(04-3)310-4)

This research is a study of the behavior and abundance of
trace metals in high latitude lakes. It includes the quantitative
determination of Co, Cu, Fe, Mn, and Z1 in water, sediments and
bio materials by atomic absorption and electrochemical
echniques. To assess the role of dissolved organic subrtances,
separations of organic components are being made by gel filtra-
tion and solvent extraction, the isolated fractions being tested for
complexation ability. Tracer techniques, dialysis, and cliromatog-
raphy will be employed to establish the abundance and strength of
complexes in lakes. To determine the effects of complexation by
sulfides and organic substances and of the competition between
thuse two systems, several lakes with differing concertrations of
dissolved organics and sulfides are being examar.ed.

In addition to the treatment of trace metals, in progress are a
general chemical description and classification of high latitude
Iakes and studies of lzke ice and complexation of the major ca-
tions.

Observations of the geochemistry of ice include the partition
of dissolved substances during freezing, the effects of ice cover on
terrestrial run-off and atmospheric fall-out, and the spatial dis-
tribution of impurities in ice.

Substantial fractionation of the major cations has been ob-
served during the precipitation of the salts of organic acids. Since
similar precipitation occurs in some lakes, this mechanism may
influence the natural distribution of Na, K, Cs, Mg, Ca, and Sr.
The relative stability and solubility of complexes of these cations
with organic acids will be determined by equilibrium dialysis and
tracer techniques. Analysis of lake waters will be made to confirm
the mechanism and assess its importance.

SUPPORTED RY U.S. Atomic Energy Commission

1.0005, ORGANIC COMPOUNDS IN ALASKA PER-
MAFROST GROUNDWATER
N.J. BIRKHOLZ, Univ. of Alaska, Inst. of Water Resources Res. ,
College, Alaska 99735

Detection and identification of trace organic compounds in
well waters associated with the interior Alaska permafrost regime
are being studied using gas and thin layer chromatogrpahy and
spectra. Surface waters and soil samples are being similarly in-
vestigated to the extent that they can clarify the origin of organics
at deeper levels. Changes ir trace organics will be studied during
developraent of a well.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

10006, THE KINETICS OF MICKOBIOLOGICAL
MODIFICATIS ¥ OF ORGANIC SUBSTANCES OCCURRING
IN NATURAL WATERS

D.K. BUTTON, Univ. of Alaska, Inst. of Marine Sciences, College,
Alaska 99735
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1. NATURE OF WATER

W have found large changes in the efficiency of the sub-
strate transport systems of microorganisms with changing exter-
nal conditions. We propose to examine this phenomenon care-
fully and to use it as an avenue to siudy the transport systems of
microorganisms which effect th¢ concentration of dilute sub-
strates in a natural environment. We further ~ropose to in-
vestigate the kinetics of degredation of the rather stable high
molecular weight dissolved organic fraction one can concentrate
from most lake and sea water. This will be done using continuous
culture techniques.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Alaska

1.0007, NUCLEAR TECHNIQUES IN SOILS HYDROLOC-
GY, SNOW GAGING, AND RELATED APPLICATIONS
J.L.SMITH, U.S. Dept, of Agriculture, Pac. Sw. For. & Rg. Expt.
Sta. , Berkeley, California (AT(49-11)-2773)

Previous work has been in the field of soils hydrology, con-
struction and use of a suow density gage, water use by plants, and
hexadecanol tracing in the application concerned with reducing
evaporation. Current studies are concerned with the following:

Effect of Aspect and Cover Upon Snow Accumulation,
Metamorphozis, and Melt: The objective of this study is to deter-
mine the inathematical relation that exists between the snow con.
dition as determined by the snow gage at the Central sierra Snow
Laboratory and that eXisting at various locations away from the
Laboratory (radius of 5 miles). Hopefully, it will be demonstrated
that the - atrally located snow gage can be used to determine
snow condition at any other point within its area of influence.

Soil Collection and Analysis - This work will continue since
the conformation is cssential to furnish data on soil hydrologic
properties to the water tracing by isotopes study.

Study of Soil Water Movement Under Saturates and Non-
saturated Soil Moisture Conditions This is a joint effort with
Hazelton Nuclear Science Corporation (see contract AT{04-3)-
676. Attempts will be made to measure the movement rate and
amounts of water in the soiis studied, determine the path and cate
of soil water movement in its gourney down slope from hilltop to
stream, determine water use of vegetation growing on 2 hillside by
using double tracers.

Determination of Water Movement in Plaiits by Nuclear and
Heat Pulse Techniques This study is concerned with water move-
ment in various vegetation indigenous to Sierra Nevada. Areas of
concern are the determination of the relation between velocity of
waier movement in the stems and environmental driving factors
such as solar radiation, soil moisture availability, and tempera-
ture.

di In all instances, isotopes will be a prime tool used in the stu-
ies.

SUPPORTED BY U.S. Atomic Energy Commission

1.0008, FILTRATION GF AQUEOUS EFFLUENTS CAR-
RYING EMULSIFIED OILS

S.L. GOREN, Univ. of California, Graduate School, Berkeley,
California 94720

A number of aqueous wastes casry micron and submicron
droplets of emulsified oils which may affect the quality of the
water into which thesc wastes are discharged. A promising
method of separating such emulsions cheaply and thoroughly is to
promote coalescence of the dispersed phase by passing the stream
throughi a fibrous mat.

e are studying the coalescence of aqueous emulsions by
fibrous media with the aim of elucidating the mechanisms in-
volved and establishing the effectiveness of coalescence as a func-
tion of such variables as drop size, fiber size, mat geometry, fluid
and surface properties, flow rate, etc. Emulsions well charac-
terized as to drop size are passed through mats made from
uniform diameter fibers, and the extent of coalescence is deter-
mined from measurements of turbidity and/or drop size distribu-
tions made with a Coulter counter before and after the mats. Pres-
sure drop is also measured.

In addition to the purification of aqueous wastes containing
emulsified oils, some of the results may be of importance in the
filtration of solid wastes and in the improvement of water quality
by percolation through soils.
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SUPPORTED BY University cf California

1.0009, DETERMINATION OF OXYGEN IN SEA WATER
S. LYNN, Univ. of California, School of Engineering, Berkeley,
California 94720

Dissolved oxygen can be determined quantitatively by mea-
suring the limiting current drawn by a rotating disk electrode. In
sea water certain organic and/or inorganic materials may inter-
fere. The proposed project would aim to a} determine the most
suitable clectrode material, geometry, and cell configuration; b)
determine the range of oxygen concentrations in artificial sea
water which can be determined by this method; c) determine
which common constituents of sea water interfere wi'h the
method and whether this interference can be prevented, ....d, d)
develop the design and circuitry for a device for the continuous
monitoring of oxygen in sea water.

SUPPORTED BY U.S. Dept. of Interior - Off, Saline Water

1,0010, STUDY OF A SPECIFIC INFLUENCE OF IONIC
SPECIES ON STRUCTURING IN WATER
J. GREYSON, North Amer Rockwell Corp. , Canoga Park,
California

The proposed work entails an investigation of the free energy
and entropy of transfer of ionic salts between heavy and normal
water. The salts to be studied will include carbonates, sulfates,
phosphates, alkaline earth cations, tetraalkylammonium halides
and a large anion such as tetraphenyl boride. The purpose of the
investigation is to obtain insight into the influence of dissolved
ions on the structure of water. The investigation will be carried
out by measuring the heat of solution of the selected electrolytes
in heavy and normal water and the electromotive force of clec-
trochemical cells, the configuration of which will represent the
process of transfer of the electrolytes between heavy and normal
water. Cell configurations will include half cells of heavy and nor-
mal water solutions separated by ion exchange membranes. The
resulting data will be used to obtained the transfer entropy values
wh:c? can then be related to the structure influence of the clec-
trolytes.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0011, A STUDY OF PRESCALING DEPOSITION
H.L. RECHT, North Amer. Rockwell Corp. , Canoga Park,
California

A continuation of the laboratory investigation of the
phenomenon of scale formation on heat transfer surfaces in saline
water conversion will be carried out by exploring the energetics
and mechanism involved in prescale deposition preceeding actual
scale formation utilizing radioactive tracer techniques. Specifi-
cally, the following will be carried out:

1) Investigate the energetics and mechanism of the surface
influenced processes that precede the appearance of bulk scale
on heat transfer surfaces.

2) Measure equilibrium and kinetic parameters of the sorp-
tion of calcium sulfate from an aqueous solution onto metals such
as copper, copper-nickel alioys, piatinum, copper and nickel ox-
ides, and any other materials that appear appropriate.

3) From the mecasurements values obtained estimate heat of
sorption, activation eners - for sorption, and entropy of sorption
for the various surfaces.

4) Correlate the measured and calculated properties on the
basis of bulk scale formation tendencies of the materials.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

10012, AQUATIC TRANSPORT OF NUCLEAR DEBRIS
A.R. TAMPLIN, Univ. of California, Lawrence Radiation Labora-
tory, Livermore, California 94551 (W-7405-ENG-48)

Aside from the physical transport by ocean, ground, and sur-
face water systems, our review of this problem indicated that the
major determinants of the ultimate fate of radionuclides within
these media are the ion-binding and ion-exchange properties of
soils and bottom sediments, and the interactions that occur when
fresh water containing soluble radioisotopes merges with salt
water. The ion-binding and exchange properties of soil and bot-




tom sediments determine the rate at which fallout material will be
leached and moved about by surface water. The fresh-salt water
reactions will determine whether or not a soluble radioisotope
between fresh water will be precipitated at and, hence, concen-
trated in the area of interface between fresh and salt water. Both
factors considered together determine whether or not a marine
‘hot spot* could develop subsequent to the construction of a sea-
levei canal by nuclear explusives. In this case, it is imperative to
develop the ability to predict the rate at which radionuclides are
leached from fall-back, throw-out, and base-surge material of the
canal site by rainfall and, in addition, the ability to predict
whether or not these leached radionuclides will be concentrated
as a marine ‘hot spot' where this fresii water flows into the ocean.

At the present time, a concerted analytical effort is being ap-
plied to this area to bring together and analyze the data contained
in existing literature. It is felt that the state-of-the-art as reflected
by this literature is adequate to develop a practical predictive
capability. If this is not the case, experimental programs will be in-
itiated to obtain the necessary additional information.

SUPPORTED BY U.S. Atomic Energy Commission

1.0013, TRACE ELEMENT STUDY O¥ SOIL-PLANT-
WATER SYSTEMS

G.R. BRADFORD, Univ. of California, Agricultural Experiment
Sta. , Riverside, California 9252

Objectives: 1) Establish the concentration of certain trace
elements (Fe, Mo, Mn, Ba, Cu, Zn, Ni, Co, Cr, Si, Pb, Ti, Al, V, B,
Sr, Be, Ag, Ge, Ga, Bi, Tl, i.a, Sn, Cd, As, Au, Sb, and Se) in sur-
face and ground waters of California, 2) Relate trace-element
concentrations to the past history of the water, including geologic
and use factors, 3) Determine how trace-element concentrations
are modified upon the passage of water through soils, 4) Establish
the effects of water composition and water-soil interactions on
crop plants.

Description of work proposed: Water samples and
background data will be supplied through a cooperative arrange-
ment with the California State Department of Water Resources.
The above objectives will be accomplished by improved analyti-
cal techniques using direct reading emission spectrographic and
atomic absorption instrumentation. Samples will be pretreated
with chelating compounds and solvent extraction techniques used
to separaie and concentrate trace elements. Twenty- four large
lysimeters installed at the Citrus Research Center will be used to
study the water-scil interaction on crop plants and medifications
of trace element concentration upon the passage of water through
soils.

SUPPORTED BY U.S. Dept. of Agriculture
California State Government

1.0014, PROPERTIES OF SEA WATER AND ITS CON-
CENTRATES AT TEMPERATURES UP TO 400 DEGREES
FAHRENHEIT

L.A. BROMLEY, Univ. of California, Graduate School, San Diego
- La Jolla, California 92038

These data are important for desalination processes and for
increasing the fundamental understanding of the physico-chemi-
cal behavior of sea water. Under OSW Research Grant 14-01-
0001-363, heat capacitics at constant pressure of one atmosphere
have been determined from 2-80 degrees C for sea water solu-
tions ranging from 1.1 - 11.7% salinity. These are approximately
1/3 to 3 1/2 times the natural concentration of sea water. Also, a
high pressure calorimeter has been designed and partially built to
extend these measurements to 200 degrees C under the present
Research Grant. Heats of concentration, vapor pressures, and
viscosities will also be studied.

Heats of concentration will be measured as heats of dilution.
The atmospheric pressure heat capacity calorimeter has been
modified for this new use, For high temperature measurements,
the high pressure calorimeter will be altered as required.

The method we are most seriously considering for vapor
pressures is the direct measurement of boiling point elevations
using an original modification of conventional ebulliometers.
These values, cross-checked by those calculated from heats of
concentration and heat capacities, should resolve existing dif-
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1. NATURE OF WATER

ferences among present values reported by various investigators.,
Also, enthalpies will be determined from heat capacities and
vapor pressures.

Available data on the viscosities of sea water cover only a
narrow range of temperature and concentration. It is our present
plan to use capillary viscometers at both atmospheric and
elevated pressures. Conventional pressure viscometers will have
to be modified to satisfy the specific requirements for sea water.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0015, DETERMINATION OF THE PHOSPHATE CON-
TENT OF NATURAL WATERS, AT THE NUTRIENT LEVEL,
BY SOLVENT EXTRACTION

G.C. CAVE, Mcgill University, Graduate School, Montreal -
Quebec, Canada

(a) The Proposed Research: To study solvent extraction as a
technique for the quantitative concentration ~f trace amounts of
phosphate from natural waters. Phosphate in the resulting con-
centrate may then be determined by novel or conventional
methods.

(a) The objectives, briefly: To develop a rapid quantitative
method for phosphate in natural waters, preferably a method
capable of automation.

(c) Relation to Health Field: To provide Public Health En-
gineers with a reliable rapid method for large-scale surveys of lake
and river water for phosphate at the nutrient level.

SUPPORTED BY Canadian Government

1.0016, THEORY OF LIQUIDS
D. HENDERSON, Univ. of Waterloo, Graduate School, Waterloo
- Ontario, Canada

The successful perturbation theory of liquids developed by
Barker and Henderson will be applied to liquids in which the in-
termolecular potential has a soft-core and, in particular, to the
6:12 potential. This should yield a theory which will give good
results for the thermodynamic properties of simple liquids. In ad-
dition, better approximations to the second-order term will be
sought and this approach will be applied to develop a theory of
solutions of molecules of different sizes. The possibility of apply-
ing this approach to the calcuiation of the radial distribution func-
tion will be investigated.

Also, improvements to the Percus-Yevick, hyper-netted
chain and Born-Green-Yvon theories will be sought by direct cal-
culation of the correction terms to the basic approximations of
these theories.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0017, CHANGES IN THE PHYSICAL AND BIOLOGI-
CAL CHARACTERISTICS OF GROUND WATER RESER-
VOIRS AND ADJACENT SURFACE WATERS

S.M. MORRISON, Colorado State University, Natural Resources
Center, Fort Collins, Colorado 80521

The mechanism of removal of bacteria from suspension in
waste water flowing through soil materials is under investigation.
There are four component studies required: (1) measurement of
the electrophoretic mobilities of the bacteria in various elec-
trolyte solutions at different pH; (2) measurement of the electri-
cal potential generated in porous media during flow through the
porous material by various electrolyte solutions at various pH; (3)
measurement of the removal of bacteria, tagged with a radioac-
tive tracer, from a bacterial suspension passing through a column
of porous material; and (4) determination of the distribution in
the porous column of the bacteria removed during flow through
the column.

A computer program modeling the movement of contami-
nants in ground water aquifers is being developed. This model will
incorporate the effects of natural recharge on the quality of
ground water as well as the effects of contamination sources such
as brine pits, irrigation and feed lots.

Substantial progress has been made in delineating boundary
conditions for ground water flow in the alluvial plains of the
Lower Cache la Poudre River Basin. In particular, sub-alluvial
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bedrock topography has been established for approximately 900
square miles in Larimer and Weld Counties, Colorado.

Anisotropiiy of flow in the unconsolidated sediments is being
analyzed through geophysical techniques. This analysis should
lead to improved understanding of patterns of dispersion of con-
taminants in subsurface waters.

A series of experiments have been carried out in attempts to
clarify the knowledge on survival and movement of microbial par-
ticles through soil.

The survival of organisms in soil with known organic addi-
tives are to be studied. Also the microbial factor which seems to
control survival of enteric in soil is to be studied.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Colorado State University

1.0018, ION-SOLVENT INTERACTION
R.M. FUOSS, Yale University, Graduate School, New Haven,
Connecticut 06520

This research will be directed towards a deeper understand-
ing of the several kinds of short range interionic and ion-solvent
interactions that govern observed behavior of aqueous saline
solutions. Short range interionic effects are superimposed on the
clectrostatic forces which cause primary ion associations to pairs.
Short range anion-cation effects include dipole (and quadrupole)
forces for ions with aspherical charge distribution, polarization
forces, and steric factors. Ion solvent cffects include charge-
dipole electrostatic interaction, hydrogen bonding, polarization
(and dielectric saturation), electrostriction, and complex ion for-
mation. From conductance data, the limiting conductance, as-
sociation constant and contact distance can be calculated by
theoretical analysis. Dependence of these parameters on struc-
ture and properties of ions and solvent molecules is the informa-
tion sought. Typical systems to be investigated include the follow-
ing: (1) lithium, sodium and potassium chlorides in water- diox-
ane mixtures over a concentration range ten times higher than has
previously been covered (made possible by quite recent advances
in the theory of conductance); (2) conductance of these salts in
mixtures of water with dimethylsulfoxide, acetonitrile and urea,
(3), conductance of magnesium, manganese, copper and nickel
sulfates in water-dioxane mixtures (and possibly in other mix-
tures); (4), conductance of potassium and silver nitrates in diox-
ane-water mixtures; (5), conductance of selected 1-1 and 2-2
salts at 35 degrees and 50 degrees; (6), conductance of alkali and
quaternary sulfonates and carboxylates to study non-coulombic
association.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0019, THE DETERMINATION OF THE ENGINEERING
THERMO-PHYSICAL PROPERTIES OF SOLUTIONS CON-
TAINING DISSOLVED SOLIDS

D.A. FISHER, Univ. of Connecticut, School of Engineering,
Storrs, Connecticut 06268

The raw feed to conversion equipment used in the produc-
tion of fresh water consists of a solution containing dissolved
solids such as brackish water, sea water, the effluent of sewage
plants, and other waste waters. Process analysis and the engineer-
ing development of conversion equipment is frequently hampered
by a lack of knowledge of such properties as specific heat capaci-
ty, enthalpy, viscosity, and thermal conductivity of the raw feed
and of the concentrated solution as it progresses through the
process. It is proposed to experimentally determine these proper-
ties to engineering accuracy.

The first phase of the work will be to design and build a
calorimeter for the determination of specific heat capacity in the
temperature range 40 - 400 degrees Fah. and to prove its accura-
cy using distilled water.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Connecticut

1.0020, ION - ION AND ION - MOLECULE INTERAC-
TIONS IN AQUEOUS SALT SOLUTIONS

W.L. MASTEKTON, Univ. of Connecticut, Graduate School,
Storrs, Connecticut 06268
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The objective of the proposed research is to evaiuate the
relative importance of electrostatic forces, Van der Waals forces
and solvent -structure effects in determining the extent of: (1) As-
sociation between oppositely charged ions (ion pairing) in aque-
ous salt solutions. (2) Interactions between solute molecules and
ions in water solution.

The electrolytes used in this study will be stabie coordination
compounds derived from cobalt (III). It is believed that ther-
medynamic data for solutions of these ‘model compounds’ can be
more readily interpreted than that for so-called ‘simple’ salts
derived from alkaline earth or transition metals (e.g., Ca(NO3)2,
CoCl2), where the exact nature of the cationic species is unk-
nown. The molecular compounds studied will include aromatic
hydrocarbons and their halogen derivatives. Here, we shall ex-
amine the effect of size and polarity of the non-electrolyte
molecule upon its interaction with ions in solution.

The experimental work will involve the measurement of: (1)
Activity and osmotic coefficients of coordination compounds in
aqueous solution. (2) Conductivities of these compounds in water
and mixed solvents. (3) Solubilities of non-electrolytes in water
solutions of coordination compounds.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Connecticut

1.0021, SCATTERING MEASUREMENTS ON ALKALI -
WATER SYSTEMS
T.I. MORAN, Univ. of Connecticut, Graduate School, Storrs,
Connecticut 06268

The proposed experiment will study the interactions between
alkali atoms and water molecules by atomic scattering
techniques. These techniques are well established and yield im-
portant information on the intermolecular forces involved. Ex-
periments of this type are performed by directing a velocity
selected alkali atomic beam through water vapor and measuring
the intensity of the scattered alkali beam. At the present time the
atomic beam laboratory has an apparatus capable of making such
measurements and is studying alkali-halogen interactions
(preliminary results have been presented at a recent meeting of
the American Physical Society.) The water molecule is of special
interest for scattering studies since it has a permanent electric
dipole moment (unlike the halogen molecules) which may enabie
it to be oriented relative to an incident alkali atom. Reactive scat-
tering can also occur with a typical channel being Na plus H20
yields NaOH plus H. The experiments will yield information on
the interaction of a single alkali atom with a single H20 molecule
(an unusual feature of this type of experiment).

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Connecticut

1.0022, SCATTERING MEASUREMENTS ON ALKALI -
WATER SYSTEMS
T.I. MORAN, Univ. of Connecticut, Graduate School, Storrs,
Connecticut 06268

The proposed experiment will study the interactions between
alkali atoms and water molecules by atomic scattering
techniques. These techniques are well established and yield im-
portant information on the intermolecular forces involved. Ex-
periments of this type are performed by directing a velocity
selected alkali atomic beam through water vapor and measuring
the intensity of the scattered alkali beam. At the present time the
atomic beam laboratory has an apparatus capable of making such
measurements and is studying alkali-halogen interactions
(preliminary results have been presented at a resent meeting of
the American Physical Society). The water molecule is of special
interest for scattering studies since it has a permanent electric
dipole moment (unlike the halogen molecules) which may enable
it to be oriented relative to an incident alkali atom. Reactive scat-
tering can also occur with a typical channel being Na H20 react
to form NaOH H. The experimeits will yield information on the
interaction of a single alkali atom with a single H20 molecule (an
unusual feature of this type of experiment).




SUPPORTED BY University of Connecticut

1.0023, AIR OXIDATION OF ORGANIC COMPOUNDS IN

AQUEOUS SYSTEMS
D.W. SUNDSTROM, Univ. of Connegticut, School of Engineer-

ing, Storrs, Connecticut 06268

Organic compounds can be oxidized chemically in an aque-
ous system by heating under pressure in the presence of air. When
applied to the disposal of aqueous wastes, the technique is
referred to as wet oxidation. Under the usual operating condi-
tions, the organic wastes arc not completely destroyed during ox-

idation. The method is of particular interest since the wastes are
removed by chemical rather than by biological action.

The purpose of the project is to determine the rcaction
kinetics of several organic compounds during wet oxidation. The
rate and extent of oxidation of several organic compounds will be
examined over a range of temperatures, pressurcs and concentra-
tions. Since simultaneous mass transfer and chemical reaction
occur during wet oxidation, the relative magnitudes of these rate
processes will be established. Initial experiments will emphasize
the destruction of an insoluble organic compound in a flow reac-

tor. The results of this study should provide a better understand-
ing of the wet oxidation process.

SUPPORTED BY University of Connecticut

1.0024, AN ANALYSIS OF PHOSPHORUS AND

NITROGEN COMPOUNDS IN TIDAL MARSHLAND
DRAINAGE - LABORATORY PROCEDURES
F.C. DAIBER, State Board'of Game & Fish, Dover, Delaware

Objective: An evaluation of the effects of various types of
marshland management on the diurnal and seasonal concentra-
tions of phosphorus and nitrogen in tidal marshes.

Procedures: The water samples collected in the field will be
processed in the following manner: 1. Inorganic phosphorus -
Reimold, R. 1., 1965. An evaluation of inorganic phosphate con-
centrations of Canary Creek Marsh. This procedure requires that
inorganic phosphorus determination be made immediately after
sample collection to avoid errors due to sample storage. Tne
determination, a spectrophotometric technique, requires electri-
cai power. 2. Total phosphorus - Water samples for total
phosphorus concentrations are processed upon return to the
Baysice Laboratory. The sample is oxidized in an ordinary au-
toclave according to the technique of Menzel, D. and Corwin, N.
1965. This procedure converts all phosphorus to the inorganic
fortn which can then be measured by the technique of Reimold as
cited above. 3. Organic phosphorus concentration is determined
by the difference between the initially measured inorganic form
and the subsequent total phosphorus determination. 4. Nitrate
nitrogen - Wood, E.D., F. A. J. Armstrong, and F. A. Richards.
1967. This technique offers extreme accuracy and is easily used in
the field. In this new method nitrate is converted to nitrite and
then measured as in number 5. 5. Nitrite nitrogen - Strickland,
J.D.H., and T. R. Parsons. 1960. A manual of sea water analysis.
Fish Res. Bd. Can. 125:71-74. 6. Ammonia nitrogen - Roskam,
R.,and D. de Langen. 1964. A simple colorimetric method for the
determination of ammonia in sea water. Anal. Chim. Acta 30: 56-
59. 7. Salinity will be measured by the conductance method using
an induction salinometer

The results will be processed for computer evaluation of the
various suspected relationships between the phosphorus and
nitrogen concentrations and related physical parameters mea-
sured. The 1.B.M. computer program STUFF (Sixteen Twenty
Universal Function Fitter) will be used to determine significant
relationships between organic phosphorus, inorganic phospliorus,
total phosphorus, nitrate, nitrite, ammonia, salinity, water tem-
perature, air temperature, tide state, time, lunar phase, day of

year and weather. Other statistical and graphical techniques may
also be employed to interpret the data.
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SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Delaware State Government

1.0025, BIOCHEMICAL EFFECTS OF MICROORGAN-
ISMS UPON THE SALT MARSH ENVIRONMENT -
LABORATOCRY PROCEDURES

F.C. DAIBER, State Board of Game & Fish, Dover, Delaware

Objective: To enumerate and identify the microorganisms in-
digenous to various salt marsh environments, and to relate the
known metabolic processes of the principal organisms found to
the chemical cycles currently under investigation in these
marshes.

Procedures: The sediment samples collected in the field will
be processed in the following manner. 1. Weighed samples from
each sediment horizon will be place in dilution bottles containing
the appropriate diluent, serial dilutions made and the final dilz-
tion will be sclectively treated to enhance the growth of the <r-
ganisms belicved to be present in the sample. The number of bac-
teria in cach sediment horizon will be ascertained by plating
aliquotes from cach final dilution into solid growth media.
Replicate plates will be made for ecach sample. After incubation,
the colonies growing on the plates will be counted. The number
thus attained represents the number of bacteria in the sample
when multiplied by the dilution factor. 2. Identification will be
made of the more numerous bacteria growing on the enumeration
plates. This will be done by standard bacteriological tests. These
include biochemical reactions of the bacteria in specially formu-
lated media, and morphological reactions of the bacterial cell to
selective stains. 3. Water pH will be measured by means of a pH
met(la]r. 4. Water salinity will be measured by the conductance
method.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Delaware State Government

1.0026, BIOCHEMICAL EFFECTS OF MICROORGAN-
ISMS UPON THE SALT MARSH ENVIRONMENT - FIELD
TECHNIQUES

F.C. DAIBER, State Board of Game & Fish, Dover, Delaware

Objective: To enumerate and identify the microorganisms in-
digenous to various salt marsh environments, and to relate the
known metabolic processes of the principal organisms found to
the chemical cycles currently under investigation in these
marshes.

Procedures: Sediment samples for bacterial analysis will be
collected at locations in Delaware tidal marshes which represent
the following conditions: unditched marsh exposed to normal
flooding, man- made low level impoundments, high level im-
poundments, and ditched marsh exposed to normal flooding.

Once every two weeks cores will be taken from each station
to a depth which represents the sediment horizons of the station.
The sample will immediately be removed from the corer and
aseptically transferred to clean polyethylene boxes with tight-
fitting lids.

The core samples will be transported immediately to the
laboratory so that drying will be prevented or minimized before
testing.

In addition, sediment temperatures at the time of sample col:
lection will be measured, and water for salinity and pH determina-
tions at each station will also be collected.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Delaware State Government

1.0027, ROTATIONAL  STABILITY OF DILUTE
POLYMER SOLUTIONS
M.M. DENN, Univ, of Delaware, School of Engineering, Newark,
Delaware 19711

The proposed research is an investigation of the stability of
rotational flow of dilute polymer solutions. Preliminary theoreti-
cal and experimental studies suggest that the flow stability can be
used as a means of determining rheological properties of systems
too dilute for study by conventional measuring techniques. The
ultimate goal is to obtain improved understanding of mechanisms
of changes in mass and momentum transport in polymeric systems
for application to one and two phase water treatment systems.
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SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Delaware

1.0028, ROTATIONAL STABILITY IN DILUTE
POLYMER SOLUTIONS
M.M. DENN, Univ. of Delaware, School of Enginecring, Newark,
Deiaware 19711

The proposed research is an investigation of the stability of
rotational flow of dilute polymer solutions. Preliminary theoreti-
cal and experimental studies suggest that tie flow stability can be
used as a means of determining rheological properties of systems
too dilute for study by conventional measuring techniques. The
ultimate goal is to obtain improved understanding of mechanisms
of changes in mass and momentum transport in polymeric systems
for application to one and two phase water treatment systems.

SUPPORTED BY U.S. Dept. of Intericr - O. Water Res. Rch
University of Delaware

1.0029, THE HEATS OF MIXING OF STRONG ELEC-
TROLYTES

R.H. WOOD, Univ. of Delaware, Graduate School, Newark,
Delaware 19711

It is proposed to extend the measurements and the general
equations to include mixtures of electrolytes with different charge
types. Somc measurements of MgCl2 and BaCl2 mixture with
LiCl, NaCl, KC! and CsCl have been started in this laboratory and
it is proposed to finish these measurements and include CaCl2
and SrCl2 mixtures as well. In addition, a study of the heats of
mixing of Li2S0O4, K2SO4, with the alkali metal halides would be
useful.

In order to get at the relative influences of water structure
and size on the interactions, the preparation of (HOC2H4 )4, NCI
and (HOC3H6)4 NC1 will be attempted. If successful, the heats of
dilution and mixing of these electrolytes would allow the com-
parison of the properties of large ions with and without hydropho-
bic surfaces. In addition, the heats of dilution of some strong elec-
trolytes will be measured in D20.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0030, A STUDY OF HYPERSONIC WAVES IN WATER
AND IN AQUEOUS SOLUTIONS

T.A. LITOVITZ, Catholic University of America, Graduate
School, Washington, District of Columbia 20017 ‘

It is the purpose of this investigation to apply a significant
recent advance in the technique of measurement of high frequen-
cy ultrasonic waves to the problem of the structure of water and
its modification when ions are present. The effect of the ions will
be considered from a relaxation viewpoint. The direct effect of
the ions on structural relaxation of water will be considered. This
will be done through a study of the effect of ions on the high
frequency structural viscosity values. In addition the chemical
relaxation process involved in the dissociation of ions will be con-
sidered at frequencies not possible before advent of the laser.

SUPPORTED BY U.S. Dept. of Intericr - Off. Saline Water

1.0031, RADIOISOTOPIC TRACER STUDY TO IN-
VESTIGATE THE MECHANICS OF LITTORAL TRANS-
PORT AROUND POINT CONCEPTION, CALIFORNIA

D. DUANE, U.S. Army, Coastal Engin. Res, Center, Washington,
District of Columbia 20016 (AT(49-11)-2988)

A study to develop techniques to measure sediment move-
ment in the littoral zone is specifically designated for the Point
Conception area of the Pacific coast. The basic development pro-
gram includes a radiation monitoring system capable of deep
water monitoring of radioisotopes tagged into sand, analysis of
data obtained from measurement of the distribution of the
radioisotope tagged sand that has been subjected to the normal
effects of waves, tides, and along- shore currents; methods for
tagging sand without altering its hydraulic properties and hazard
evaluations of the entire transport measuring system. The system
is adaptable to sediment transport in both fresh and salt water to
depths of 175 fathoms.
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The isotope used for sand tagging is 133Xe, thus providing
no significant radiatior hazard and no alteration of the hydraulic
properties of sand indigenous to the test area.

The radiation detection system utilizer scintillation type de-
tectors. Data collection is obtained on punched tape and digital
readout from a 400-channel analyzer. Data may be simultane-
ously coordinated with depth, salinity, and temperature during
the monitoring operation.

Cooperative program of federal and state agencies, includ-
ing:

U. S. Army, Corps of Engineers

U. S. Navy, Pacific Missile Range

U. S. Air Force, First Strategic Aerospace Division, SAC

National Aeronautics and Space Administration

U. S. AEC, Oak Ridge National Laboratory

State of California, Department of Water Resources.

SUPPORTED BY U.S. Atomic Energy Commission

1.0032, INVESTIGATIONS IN ISOTOPIC HYDROLOGY
G.L. STEWART, U.S. Dept. of Interior, Water Resources Divi-
sion, Washington, District of Columbia

The objective of this study is the investigation of water move-
ment through the sequences of the hydrologic cycle by means of
the labels provided by isotopes and the fractionations and con-
centration changes that accompany isotopic processes.

The following phases of this project have been established: 1.
A survey of tritium in precipitation since the spring of 1959. 2. A
survey of tritium in surface waters at sites on 12 major rivers in
the United States. 3. Dispersion and exchange of tritium in porous
materials. 4. Evaporation and environmental experiment to study
the cyclic return of tritium tu the atmosphere. 5. A study of water
movement through the Savannah River Georgia area. 6. Work
with other Geological Survey investigators in applying isotopic
tracer techniques (tritium) to specific water tracing problems.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

1.0033, VIECOSITY STUDIES OF AQUEOUS SOLUTIONS
W. DROSTHANSEN, Univ. of Miami, Graduate School, Miami -
Coral Gables, Florida 33124

Measurements of the viscosity of various aqueous solutions,
in particular, with a number of electrolytes to determine B coeffi-
cients (in the Dole-Jones equation) and values for dB/dt. These
measurements will be carried out over extended temperature
ranges and wide concentration ranges. Similar measurements will
also be made on electrolytes in mixed solvents (non electrolyte -
water solvents).

We intend to measure the viscosity of various non electrolyte
solutions in water, particularly aqueous alcohol solutions includ-
ing tertiary butanol. _

It is intended to measure the viscosity of heavy water as a
function of temperature to obtain similar information regarding
the energy of activation for viscous flow of deuterium oxide as
was obtained for pure water in our earlier study.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0034, CHEMICAL ANALYSES
AJ. WILSON, U.S. Dept. of Interior, Biological Laboratory,
Sabine Island - Gulf Breeze, Florida

In order to evaluate data now being obtained by a nationwide
surveillance of organochlorine pesticide pollution in estuaries,
studies are in progress to determine rates of uptake and the
metabolism of these pollutants in marine species.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

1.0035, STRUCTURE IN SOLVENTS AND CONCEN-
TRATED SOLUTIONS
G.R. CHOPPIN, Florida State University, Graduate School, Tal-
lahassee, Fiorida 32306

The near infrared spectrum of water and saline solutions is to
be studied as a function of temperature and solute concentration.
The D20 solvent systems are to be studied similarly. The spectral




curves would be analyzed to obtain the mole fractions of solvent
molecules in different states of hydrogen bonding. Solutions of
H20 and D20 with organic solutes would be studied in the same
manner. The primary interest is to ascertain the effect of ionic
and organic solutes on solvent structuring via hydrogen bonding.
The first question to be considered is the validity of the Buijs and
Choppin interpretation of the near infrared spectra of water and
aqueous solutions. Careful study of spectral curve shapes and
baselines are an integral part of such an evaluation.

The near infrared spectra of hydrated organic ion exchange
resins would be studied by the reflectance technique. The analysis
would follow that for the aqueous solutions. If successful, com-
parison of these results with NMR data of hydrated ion exchan-
gers could provide a much more detailed model of the solution
state in an ion exchange resin.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0036, ENERGETICS AND STRUCTURE OF THE
HYDROGEN BOND
J.C. DAVIS, Univ. of South Florida, Graduate School, Tampa,
Florida 33620

In order to climinate the problems of a large variety of
hydrogen- bonded species that are present in most aqueous and
alcohol systems, this study is limited to investigation of highly-hin-
dered alcohols (such as tri-i-propyl carbinol, etc.) in non-
hydrogen bonding solvents. Proton magnetic resonance measure-
ments of the OH chemical shifts and infrared measurements of
the OH stretching bands are being utilized to calculate monomer-
dimer equilibrium constants and enthalpies of association in these
systems. Precision dielectric constant measurements of the same
solutions arc being employed to estimate apparent dipole mo-
ments for the associated species with the aim of discerning the ap-
proximate geometry of the dimer species.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0037, A LABORATORY STUDY OF THE SOLUBLE
METALS IN ROCKS, SAPRGLITE, AND SOIL FROM THE
BROAD QUADRANGLE, GEORGIA
C.A. SALOTTI, Univ. of Georgia, Graduate School, Athens, Geor-
gia 30602

The primary purpose of this study is to determine in the
laboratory the solubilities of extractable trace metals of rocks,
saprolite, and soils from the Broad Quadrangle, Georgia in rela-
tion to the following variables: temperature; pH; redox potential;
organic solutions; and time.

The experiments will be at low temperatures and pressures.
The system will be entirely made from fluorocarbon resin.

Analysis will be mostly done in a custom atomic absorption
spectrophotometer that is considerably more sensitive than any
available commercial unit. Elements present in readily detectible
amounts will be determirnied using a Perkin-Elmer 303 Atomic
Absorption Spectrophotometer. Elements already detected in
ground water from the Broad Quadrangle without concentration
include the following: Mg, Ca, Mn, Fe, Al, Si, Zn, Cu, Pb. und Li.
In addition Mo, Ba, Sr, Hg, V, Cr, Ni, Co, Sb, Sc, and As will also
be looked for.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Georgia

1.0038, OXYGEN TRANSFER TO WATER DROPLETS
P.G. MAYER, Georgia Inst. of Technology, School of Engineer-
ing, Atlanta, Georgia 30332

The reaeration of oxygen-deficient streams and lakes is of ut-
most importance to the full utilization of water resources.

A possible method for obtaining water with relatively high
concentrations of dissolved oxygen is that of spraying oxygen-
deficient water into a pressurized tank with pure oxygen or with
air. The water would fall through the atmosphere, absorbing ox-
ygen as it did so, and collect in a receiving ool from which water
could be withdrawn to enrich oxygen-deficient waters.

A preliminary theoretical and experimental investige tion was
conducted with an oxygen atmosphere. A literature survey was
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made of the basic interphase ass transfer theories. The prelimi-
nary experimental study employed a 75 gallon tank into which
water was sprayed through whirl-type nozzles. The operating
pressures ranged from zero to approximately 10 atmospheres. Ox-
ygen concentrations were measured with galvanic oxygen
analysers. For the pressures applied, a fifteen-fold increase in dis-
solved oxygen concentration could be obtained.

The present work is carried out with compressed air in an im-
proved reactor. It is proposed to study the cost-efficiency of the
method in its application to oxygen-deficient streams and lakes.

SUPPORTED BY Georgia Institute of Technology

1.0039, THE STRUCTURE AND PROPERTIES OF
WATER SOLUTIONS

R.A. PIEROTTI, Georgia Inst. of Technology, Water Resources
Center, Atlania, Georgia 30332

The research proposed is an effort to scparate the interaction
of the solute with water into two parts: the solute-water interac-
tion and the solute-solute interaction in the presence of water.
Accordingly, the proposed research is made up of two parts: (a)
Agi experimental study of the solubility of simple molecules in
both H20 and D20 as a function of temperature and (b) a
theoretical study of the nantre of solute-solute interactions in a
condensed medium.

The cxperimental study will be aimed at determining the
thermodynamic properties of dilute aqueous solutions and as-
sociating these properties with the structure of liquid water and
heavy water. The initial studies will be concerned with the solu-
bilities of small organic molecules, i.e., benzene, toluene, carbon
tetrachloride, etc.

Comparisons of the solubility of simple non-polar molecules
in H20 and D20 can be very important in understanding the ef-
fects of the water structure around solute molecules. The mea-
surements made in this part of the research will be in the Henry’s
Law region and as such are concerned primari'y with the nature
and magnitude of the solute-solvent interaction cnergy.

The theoretical study is an attempt to use solubility data in
the region of deviations from Henry’s Law to ascertain the form
of the potential energy function for the solute-solute interaction
as perturbed by the solvent. The formalism of statistical thermo-
dynamics will be used to develop a theoretical technique for
evaluating the potential functions for solute-solute interactions
from gas solubility measurements.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Georgia Institute of Technology

1.0040, APPLICATION OF MODERN ELEC-
TROANALYTICAL TECHNIQUES TO THE ANALYSIS OF
HEAVY METALS IN WATER
P.E. STURROCK, Georgia Inst. of Technology, Water Resources
Center, Atlanta, Georgia 30332

The proposed research plan involves laboratory and field in-
vestigations directed at determining the suitability of modern
electroanalytical techniques for the analysis of water for trace
contaminations by heavy metals. The approach will be to deter-
mine the sensitivity limits, accuracy and interferences for a
number of metal icns using solutions of known concentrations
prepared in the laboratory. Then the procedures and techniques
developed will be tested on samples obtained from various points
along the Chattahoochee River to see if point to point and day to
day fluctuations of heavy metal concentrations can be observed.

Laboratory investigations will employ the following methods:
1. Square-wave polarography. 2. Phase-selective A.C. polarog-
raphy. 3. Derivative chronopotentiometry.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Georgia Institute of Technology

1.0041, METHOD FOR QUANTITATIVE ANALYSIS OF

PHENOLS IN FUEL CELL PRODUCT WATER

H.J. ONEILL, 11T Research Institute, Chicago, lllinois
Techniques for determining phenolic material at the 100-ppb

level and hydroquinones and quinones at the 1-ppm level in fuel
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cell product water were developed. The analyses can be per-
formed on 1 ml of water and require approximately 1 hr.

The phenol procedure involves a preliminary steam distilla-
tion in a silanized distillation apparatus and spectrophotometric
determination with 4-aminoantipyrine as the reagent. In order to
achieve adequate resolution and sensitivity, a reagent-blank com-
pensation procedure is described. Techniques for increasing the
sensitivity fivefold are recommended.

Hydroquinone and quinone determinations are performed
with phloroglucinol as the rcagent and by direct ultraviolet
scanning. The former method is the method of choice for
hydroquinone and quinone because it can be performed directly
on the product water and because other cxtrancous organic
fnatter in the product water does not appear to interfere, at least
at the 1-ppm level. Sensitivity to t-butyl hydroquinone by this
method is poor. The ultraviolet procedure ecxhibits greater
specificity for individual components, but it requires removal of
the aromatic sulfonic acius prior to analysis.

SUPPORTED BY General Elcctric Company

1.0042, DIFFUSION
SOLUTIONS
R.P. WENDT, Loyola University, Graduate School, Chicago, Ii-
linois 60611

The objective of this resecarch will be to measure and in-
terpret diffusion coefficients over the concentration range 0.1 to
2.0 molar for each salt in ten solutions, each consisting of two sea-
water-type salts and water. It is also expected that useful contribu-
tions to the theory of nonequilibrium thermodynamics will be
made, with respect to predicting diffusion and ionic
phenomenological coefficients.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

IN TERNARY AQUEOUS SALINE

1.0043, THERMODYNAMICS OF WATER AND WATER
SOLUTIONS

M.J. JONCICH, Northern Illinois University, Graduate School,
Dekalb, Illinois 60115

Heats of solution will be carried out over the temperature
range of 0-50 degrees C on salts containing the ions; Na ,K ,Ca ,
Mg , Cl-, CO3, SO4 and others as well as the gases; 02, N2, and
CO2. The integrul heat method will be used to determine partial
molal heat capacities of the above saits and gases. Extrapolation
to finite dilution of the data will permit evaluation of partial molal
heat capacities and entropies at infinite dilution.

Use will be made of these data to check the ‘" cresspondence
Principle* of Cobble and to permit calculation o partial molal
jonic thermodynamic properties. The changes in the ther-
modynamic properties of the solutes will be relate to the change
of structure of water. These results will be corrclated with the
theories of Nemethy-Scheraga, Frank-Quist, Eryring, and
Samoilov concerning the structure of water and the effects of dis-
solved electrolytes and gases.

The same experimental data will be used to determine co-or-
dination numbers of the ions and gases using the theoretical ap-
proach proposed by Samoilov.

SUPPORTED BY lllinois State Government
University of Illinois

1.0044,
PERTIES
W.F. CLAUSSEN, State Water Survey, Urbana, Illinois

A basic study into the nature of the water surface is being un-
dertaken in the‘following ways: a) Experimentally, the variation
of surface tension with temperature for pure water and for water
solutions of hydrating gases, such as propane, will permit assess-
ment of the role of the hydrating shell water structure in surface
water structure. b) A theoretical approach is being made toward
the understanding of surfaces by relating the thermodynamics of
surface formation to the critical phenomena and to the vapor
pressure, for pure water and for other polar and non-polar liquids.
c) Applications of knowledge of the water surface are being
sought in the areas of transpiration, corrosion, and fog stability.

INTERFACIAL WATER STRUCTURE AND PRO-

SUPPORTED BY Illinois State Government

1.0045, FLOW FIELD IN A PACKED BED
lT.J. HANRATTY, Univ. of Illinois, Graduate School, Urbana, II-
inois

A study of the details of the flow around a single sphere in a
packed bed of spheres is being conducted. It differs from previous
work since attention is being focused on local happenings on a
scale smaller than the particle diameter. An instrumented test
sphere located in a cubic array of spheres allows measurements ¢f
the pressures and of the instantanzous local shear stress and mass

transfer rate to the surface of the sphere. Visual studies are also
being conducted.

SUPPORTED BY Amer. Chemical Society

1.0046, CONVECTICN IN tOTATING FLUIDS

J.L. HUDSON, Uniy. of Illinois, Graduate School, Urbana, lllinois
An analysis has been made of centrifugally-driven thermal

convection in a rotating cylinder. Fluid motion relative to a coor-

dinant system rotating with the cylinder is produced by the action

of the centrifugal force on a vertical density gradient. The analysis

points out the effects of the Coriolis and centrifugal accelerations

in this system. An apparatus has been built to studt this problem
and preliminary measurements have been taken.

Experiments on the isothermal flow near an enclosed rotat-
ing disk have also been carried out. The fluid motion is observed
by taking photographs of neutrally buoyant beads.

SUPPORTED BY Amer. Chemical Society

1.0047, THE EFFECT OF WATER
BIOLOGICAL ACTIVITY

R.J. MILLER, Univ. of lllinois, Agricultural Experiment Sta. , l/r-
bana, lllinois

Objectives: (1) To determine if water structure, be it that of
free water or that associated with ions, is important in membrane
iransport phenomena. (2) To determine if water structure that is
aitered by surfaces affects microbial growth.

Work Proposed: The structural integrity of water will be
varied using ions, surfaces and temperature. The activity of bac-
teria and corn mitochondria will be studied as the structure of the
aqueous solutions are varied. By correlating changes in the water
structure and biological activity it should be possible to determine
if the structure of water is important in biological processes.

SUPPORTED BY U.S. Dept. of Agriculture
Illinois State Government

STRUCTURE ON

1.0048, IN TRANSIENT
SYSTEMS
R.L. SANI, Univ. of Illinois, Graduate School, Urbana, lllinois
The primary goal of this investigation is the mathematical
characterization of the stability of transient hydrodynamic
systems exhibiting transport and transformation processes that
are coupled at the macroscopic level. Approximate solution
techniques are being developed and utilized in the analysis.

SUPPORTED BY University of Illinois

CONVECTIVE INSTABILITY

1.0049, TRANSPORT PROPERTIES OF AQUEOUS ELEC-
TROLYTE SOLUTIONS - AN APPROACH FRCM THE HIGH
CONCENTRATION LIMIT
C.A. ANGELL, Purdue University, Graduate School, Lafayette -
West Lafayette, Indiana 47907

The transport behavior of highly concentrated and super-
saturated electrolyte solutions, which is clearly intractable using
the Debye- Huckel approach, has proven very amenable to analy-
sis by means of simple equations originally proposed to describe
the temperature dependence of transport processes in glass-form-
ing organic liquids (which include most liquid polymers and
polymer solutions). Transposed forms of these equadons which
give a convincing first order approximation account of the con-
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centration dependence of electrolyte solution conductance and
viscosity, have recently been proposed and discussed by the prin-
cipal investigator. These equations have as their theoretical basis
the assertion that, providing the first order transition to the
crystalline state is averted, the liquid state properties of an assem-
blage of attractively interacting particles must vanish at a tem-
perature T sub zero (where T sub zero is greater than 0 degrees
K) due to the vanishing of the configurational entropy content.
The phenomenon of the liquid-glass transition is directly related
to this circumstance, T sub zero is a function of equivalent con-
centration and for salts of multivalent cations reaches room tem-
perature for solutions less concentrated than the pure (metasta-
ble) liquid salt. The condition (T sub zero equals isothermal tem-
crature) may thus set the high concentration limit (N sub Zero)
or clectrolyte transport in such a system.
The present work is concerned with a determination of the
useful limits of this approach and the clarification of the physical
nature of the transport equation parameters.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0050, THE

WATER
P.F. LOW, Purdue University, Agricultural Experiment Sta. ,

Lafayette - West Lafayette, Indiana 47907
Description of Work - During the coming year an attempt
will be made to determine whether or not water in a clay paste has

sufficient rigidity that a threshold pressure gradient must be ex-
ceeded before it begins to flow.

SUPPORTED BY Indiana State Government

PROPERTIES OF CLAY-ADSORBED

1.0051,
STATE
C.R. MUELLER, Purdue University, Graduate School, Lafayette
— West Lafayette, Indiana 47907

The rescarch objective is the accurate determination of the
intermolecular potential in regions of interest to liquid state
theory by means of the crossed molecular beam technique and
the calculation of the statistical mechanical properties of the
liquid state using these forces.

The substances investigated will include the noble gases and
the simple hydrides, CH4, NH3, and H20. The ultimate aim is to
further our understanding of the liquid state both where hydrogen
bonding is present and absent and about hydrogen bonding and
the st;;cture of H20.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

INTERMOLECULAR FORCES AND THE LIQUID

1.0052, DISSOLVED GASES AND WATER CLUSTERING
IN AQUEOUS SOLUTION
G. GORDON, Univ. of lowa, Graduate School, Iowa City, lowa
52240

The purpose of this research is to study the kinetic and
equilibrium properties of dissolved gases and related materials in
aqueous solutions. By means of this type of approach, which util-
izes a variety of methods, it appears to be possible to rationalize
some of the complexities of the solvent. Thus we should be able to
obtain more definite conclusions about the primary steps in
chemical reactions and positive information with respect to the
species in sclution and their interactions with water itself.

Presently, we are studying the C102-H20 system by means of
techniques such as classical thermodynamic properties, electron
paramagnetic and nuclear magnetic resonance spectroscopy, op-
tical spectroscopy, temperature jump, and other kinetic measure-
ments. By means of the above techniques, we hope to elucidate
the modus operandi of these observations. Initially, we are study-
ing chlorine dioxide in water as a model system. We intend to ex-

tend our measurements to include other ionic and molecular spe-
cies such as CO2,S02, SO3, (t- BU)4NBx and the like.
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SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0053, FIXATION AND AVAILABILITY OF ADDED
PHOSPHORUS IN SOILS
J. HAGIN, Technion Res. & Develop. Fdn. , Haifa, Israel

Object: To evaluate the phosphorus availability and fixation
of lvarious fertilizers, in different soils, as related to their nutritive
value.

Plan of Work: Diffusion of phosphorus from the vicinity of a
fertilizer particle is determined by (1) the apparent diffusion
cocfficient--this is a function of the reactions of phosphorus with
soil components and properties; and (2) the potential gradient
between the solution near the particle surface and the bulk soil
solution- this is a function of change in phosphorus concentration
in the soil solution and of the path length. In the first phase the
solubility of various phosphatic fertilizers in defined solutions as
well as in soil systems will be measured. The relation of the
phosphorus concentration on the fertilizer particle surface to the
amount and rate of solubilization will be studied. In the second
phase the influence of soil properties on phosphate diffusion will
be evaluated and measured by changes in the concentration of
phosphorus in the soil zone surrounding the fertilizer particle,
taking into account the concentration gradient between the parti-
cle surface and the bulk soil. Fixation rate, in soils, of phosphorus
from various fertilizers will be measured. Factors affecting the
solubility and availability of phosphates will be measured, for ex-
ample, solubilization of difficultly soluble coats formed on
originally soluble phosphates.

SUPPORTED BY U.S. Dept. of Agriculture

1.0054, MODE OF OCCURRENCE OF MINOR ELE-
MENTS IN SEDIMENTS AND SOILS
D.H. YAALON, Hebrew University, Jerusalem, Israel

Object: To determine the mode of occurrence and geochemi-
cal sransformations of micronutrients during weathering by mea-
suring their presence in ground water and their distribution
among different particle size fractions of various soils and rocks.
Elements under study will include copper, zinc, cobalt, nickel,
boron, chlorine, iodine, sulfur and possibly others.

Plan of work: Trace elements content in several separate
fractions of the materials examined will be determined. This will
include the water soluble and acid soluble fractions, and elements
associated with the organic matter extract. Soils and silicate
materials will be separated into clay, silt and sand size fractions,
and additional mineralogical separation accomplished by heavy
liquid separation. The noncarbonate residue of limestones and
calcareous soils will be similarly treated. Ground water composi-
tion will be related to the soil and rock analyses. It is proposed to
examine, in the course of three years, the major soil groups and
sedimentary rocks occurring in the Eastern Mediterranean.
Results may be subjected to a proper statistical analysis and cor-
related with otter known properties of the materials. Samples
from other regions may be added subsequently.

SUPPORTED BY U.S. Dept. of Agriculture

1.0055, TRACE ELEMENT CHEMISTRY OF STREAMS
OF THE LOWER KANSAS RIVER BASIN
E.E. ANGINO, Univ. of Kansas, State Geological Survey,
Lawrence, Kansas 66045

Study of the annual variation of trace element content (Co,
Ni, Li, Si, Zn, Fe, Mn, Sr) of the Saline, Smoky Hill, Solomon,
Delaware, Wakarusa and Kansas Rivers was undertaken for two
reasons. (1) To develop methods for trace element analyses of
water samples by atomic absorption spectrometry and (2) To ac-
cumulate information on the ‘back- round' trace element load of
these streams for which little elemental data is presently available.
This latter consideration was considered in light of studies relat-
ing to water pollution studies of the Kansas River. The work con-
sists of collection, preparation, analysis of the samples and in-
terpretation of results.
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SUPPORTED BY Kansas State Government

1.0056, UTILIZATION OF OIL FIELD BRINES AS A
POSSIBLE FERTILIZER SOURC:2
E.E. ANGINO, Univ. of Kansas, State Geological Survey,
Lawrence, Kansas 66045

Large amounts of oil-ficld brines are produced annually in
Kansas. Experimental work is being conducted to determine the
feasibility of recovering a useable fertilizer material from thesec
brines, subsequent to appropriate chemical treatment. Results, to
date, are encouraging, but additional evaluation work is required.
The work includes (1) determining the nature of the separated
product by x-ray diffraction analysis, (2) determining the chemi-
cal composition of the complex precipitated product by atomic
absorption and emission spectrography, and (3) cvaluating the
product from different brines to ascertain the constancy of the
product produced,

SUPPORTED BY Kansas State Government

1.0057, THERMAL PROPERTIES OF SALT SOLUTIONS
R.J. BEARMAN, Univ. of Kansas, Graduate School, Lawrence,
Kansas 66045

The objective of the proposed work is to investigate the ther-
mal conductivity of aqueous salt systems. We plan to construct
apparatus fo the determination of thermal conductivity, to mea-
sure the thermal conductivity and to develop theoretical equa-
tions for the interpretation of the results.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0058, INTERACTION OF ORGANIC MOLECULES IN
WATER
T. HIGUCHI, Univ. of Kansas, Graduate School, Lawrence, Kan-
sas 66045

The proposed study is concerned with elucidation of enzy-
matic catalytic mechanism and, indirectly, action of drugs. The
program is based on series of investigatoins of model systems. Ap-
proximately one half of the total effort will be directed towards
clucidation of mechanisms of molecular binding or association in
aqucous media, the remainder to chemistry of facilitation of reac-
ticns in aqucous solution by organic species and functional gropu-
ings. Primary attention has been directed towards hydrolytic reac-
tions of acyl derivatives such as esters, amides, acid anhydrides,
acyl halides, etc., and catalyzed oxidation of thiocthers.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

1.0059, ION HYDRATION AND ION INTERACTION
G. ATKINSON, Univ. of Maryland, Graduate School, College
Park, Maryland

Measurements will be made of ultrasonic absorption in aque-
ous solutions of Mg(Il) and Ca(ll) salts in an effort to examine the
cffect of ‘inert clectrolytes' 'such as NaCl on ion association
processes. Measurements of ultrasonic abserption in aqueous
solutions of tetraalkylammonium salts will be expanded and ex-
tended to non-ionic clathrate forming compounds. A cooperative
program on the measurement of ultrasonic absorption and
velocity in aqucous solutions of simple salts over wide ranges of
frequency, temperature and pressurc will be further imple-
mented. This program involves this research group and the
acoustics research groups at Catholic University and American
University.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0060, CLOSED SYSTEMS FOR ANIMAL SEWAGE
TREATMENT
J.T. CLAYTON, Univ. of Massachusetts, School of Agriculture,
Ambherst, Massachusetts 01003

The specific objectives of the pronosed research are: (1) To
develop a waste stabilization system that will minimize the pollut-
ing strength of manure and other dairy farm wastes; and (2) to
clarify, by digestion and subsequent treatment, the liquid (or
liquifiable) parts of dairy farm wastes so that the system effluent

can be safely disposed of or used as the agent for subsequent
cleanings of the dairy facility.

Two experimental sewage processing systems will be used,
The first will consist of primary settlement of the influent with
secondary aerobic digestion. In the second system aerobic
digestion will precede settlement. Effluent quality and the fate of
indicator organisms, will be the principal criteria of performance.

Microbiological determinations will be made in order to ob-
tain the following information: (a) the activities in the various
states of the process; (b) the public health hazards associated with
the final sludge and effluent; and (c) to determine the Cegree of
disinfection necessary before discharge.

Later experiments will include the use of coagulants, coagu-
lant aids, and chemical treatments. Dosage and cffectiveness of
ion exchange minerals and resins will be investigated with special
emphasis on odor and color cffects. Chemical treatments for
microorganism control and small organic particle removal will be
studied.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Massachusetts

1.0061, SPECTROSCOPIC AND DIELECTRIC STUDIES
OF NEW HYDROGEN BONDED SPECIES

R.R. HOLMES, Univ. of Massachusetts, Graduate School, Am-
herst, Massachusetts 01003

It is proposed to carry out an appropriate experimental pro-
gram which will lead to a more precise understanding of the ener-
getics involved in hydrogen bonding phenomena and establish ex-
perimental conditions favoring the formatinn of new hydrogen-
bonded complexes involving water. In this regard spectroscopic
studies (including far- infrared measurements), dielectric studies,
and vapor density measurements will be performed.

In ozder to aid the development of the theory, it is necessary
to provide detailed experimental information describing
hydrogen bonding phenomena in water and related substances,
Most studies of hydrogen bonding deal with the condensed phase,
liquid or solid, and suffer the disadvantage, that because of com-
plications arising from intermolecular interactions, an aggretate
of hydrogen-bonded systems are present. What one is then mea-
suring is an average property associated with the aggregate,

Little attention has been given to gas phase systems, even
though these systems provide a more ideal environment. In such a
system an opportunity is provided to isolate a particular hydrogen
bond, free from intermolecular effects. An investigation of a
hydrogen bonding system in the gas phase and comparison with
the results of the condensed phase study of the same system
should provide greater insight, first of all, into the nature of a
hydrogen bond and, sccondly, the changes that occur in going
from the gas to the condensed state.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0062, THE ROLE OF WATER IN ORGANIC REAC-
TIONS
C.G. SWAIN, Mass. Inst. of Technology, Graduate School, Cam-
bridge, Massachusetts 02139

Research designed to determine the mechanism of common
polar reactions in solution in considerable detail, the exact struc-
tures of their transition states, how these change with the struc-
ture of the reactants, and the nature of any intermediates, to
discover new tools and principles to aid in the study of
mechanisms and to develop new quantitative relations between
structure and reactivity. Reactions under study include halide and
ester solvolyses, ketone enolization, carbonyl addition reactions,
and displacements on carbonyl carbons. Also, being in-
vestigatedare mechanisms of aicd, base and polyfunctional cataly-
sis, the structure of water and water solutions, and solvent isotope
effects in light and heavy water.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

1.0063, EFFECTS OF POLAR ORGANIC SOLVENTS ON
ENZYME ACTION

Y. KU, Monsanto Research Corporation, Everett, Massachusetts
02149
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Objective: a. Problem: The objective of this research is an ex-
tensive investigation of enzyme reactions in high concentrations
of polar organic solvents t~ determine the role of water in enzyme
catalysis. b. Application: Virtually all speculation on extrater-
restrial life begins with the assumption that water is necessary for
life, based on the argument that enzymes are necessary for life,
and enzymes require water.

Approach; The kinetic parameters of enzyme-watcr interac-
tion; the real significance of ‘bound water* associated with dis-
solved enzyme; the nature of pH versus activity for enzyme reac-
tions; thermal stabilities of enzymes in the dry state versus aque-
ous; and enzymatic reactions below 0 degree C will be deter-
mined.

SUPPORTED BY U.S. Natl. Aero, & Space Adm.

1.0064, AN INVESTIGATION
AQUEOUS SOLUTIONS
S.B. BRUMMER, Tyco Laboratories Incorporated, Waltham,
Massachusetts

It is proposed to investigate the basic mechanism of transla-
tional processes in liquids. The limiting ionic conductance in
aqueous solutions will be used as a model for the study. Measure-
ments will be made over a wide range of temperature (0-80
degrees C), pressure (1-3000 atmos) and concentration (10 to
the minus 4 power - 10 molar), for a range of simple salts. Such
studies of the P-V-T characteristics of the systems as are required
will be made, but the emphasis will be oii'twking 2 careful and
thorough investigation of the temperature ani” pressure coeffi-
cients of the limiting ionic conductance. In analyzing the data,
particular attention will be paid to separating the effects of tem-
perature and density. These two fundamantal parameters have al-
most invariably been confused in the past and it is thought that a
considerable clarification of the mechanism of transport
processes in aqueous solutions will be obtained if their effects are
carefully distinguished.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

OF ION MOBILITY IN

1.0065, THE USE OF AMALGAM ELECTRODES TO
MEASURE ACTIVITY COEFFICIENTS OF METAL SALTS
IN MULTICOMPONENT SALT SOLUTIONS

J.N. BUTLER, Tyco Laboratories Incorporated, Waltham, Mas-
sachusetts

Electrodes consisting of a dilute amalgam of a metal such as
Na, K, or Ca, with mercury, car be used to measure directly the
activity coefficients of salts of the metal in multicomponent salt
solutions. Such measurements greatly extend our present
knowledge of the thermodynamics of multicomponent salt solu-
tions.

The important factors in obtaining accurate activity coeffi-
cient measurements with amalgam electrodes are (1) purity of re-
agents, (2) rigorous exclusion of oxygen from the system, and (3)
corrections for dissolution of the amalgam. An experimental
system for carrying ou® "hese measurements is being constructed.

The proposed research program includes measurements on
the systems KCI-NaCl and LiCl-NaCl, which can be compared
with results of the isopiestic method; and the systems MgCl2-
NaCl and CaCl2-NaCl, which are of importance in connection
with the chemistry of sea water.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0066, NITRIFICATION BY MARINE MICRCORGAN-
ISMS
S.W. WATSON, Woods Hole Oceanographic Inst. , Woods Hole,
Massachusetts 02543

This proposal is for the continuation and expansion of our
studies on the role nitrifying bacteria play in the ocean and the
molecular mechanisms by which these organisms convert, store
and utilize energy derived from the oxidation of ammonia or
nitrite. The specific objectives include: (1) the isolation and pu-
rification of new marine nitrifying bacteria; (2) the determination
of the vertical and horizontal activity and distribution of nitrifying
bacteria in the open ocean; (3) a morphological study of the fine
structures of nitrifying bacteria; (4) a study of the metabolic

1. NATURE OF WATER

pathway by which marine nitrifying bacteria oxidize ammonia to
nitrite and nitrite to nitrate using cell free systems; (5) an attempt
to elucidate the reason or reasons why nitrifying bacteria are
obligate autotrophs (6) a study of the role of the submicroscopic
cytomembrane systems and other submicroscopic structures ob-
served in Nitrosocystis oceanus, Nitrosomonas europaea and
Nitrobacter agilis; {7) a study of the Kinetics of nitrification; (8)
the development of new cultural techniques,

SUPPORTED BY U.S. Dept. of Hlth, Ed. & Wel. - PH.S.

1.0067, ASYMMETRIC BUBBLE COLLAPSE STUDIES

6310
F.G. HAMMITT, Univ. of Michigan, School of Engineering, Ann
Arbor, Michigan (DAHCO04-67-C-0007)

Objective: To investigate the manner of asymmetric ¢ollapse
of cavitation bubbles in various hydrocynamic situations.

Approach: Both theoretical and experimental methods will
be used. It is planned to: (1) Obtain photographic evidernce of the
actual nature of bubble collapse in a flowing system under sub-
stantial pressure gradients, (2) Develop theoretical analyses of
collapsing cavities to correlate with the experimental observa-
tions in order to better understand the influence of various boun-
dary conditions on the mode of collapse, (3) interpret the
theoretical results in terms of the potential of cavities in a liquid
to damage solids, drawing on knowledge already obtained and to
be obtained in the proposed work from the experimental observa-
tions.

Progress: The asymmetric mode of collapse of cavitation
bubbles has been studied both experimentally and theoreticaily.
In the experimental investigation, a spark camera capable of tak-
ing 12 frames in a period of the order of 20 sec. has been built and
tested. The detailed analysis of pictures produced by this camera
is under way. A study of the theoretical problem has led to a deci-
sion to use a MAC (Marker and Cell) type of computer code as
the basis for a numerical solution of the governing differential
equations. The code has been written and checked out by applica-
tion to the symmetrical bubble collapse problem (Rayleigh’s

Eroblem) to which an analytical solution is known. Work is in
and on the application of the code to the asymmetric problem.

SUPPORTED BY U.S. Dept. of Defense - Army

1.0068, EFFECTS OF LIMNOLOGICAL FACTORS ON
UPTAKE OF CS137 BY FISH
N.R. KEVERN, Michigan State University, Institute of Water
Research, East Lansing, Michigan 48824 (AT(11-1)1795)
Certain limnological factors, theoretically suspected for in-
fluencing the accumulation of 137Cs by fish, are being in-
vestigated in a series of lake types. Multiple regression analysis
will be used to determine which of the factors are the most impor-
tant. The factors measured in each of the six lakes will be cesium-
137, stable cesium, sodium, potassium, and specific conductivity
along with standard limnological measurements of pH, alkalinity,
temperature, dissolved oxygen, and secchi disc readings. Mea-
surements of the concentrations of 137Cs and stable Cs in sam-
ples of largemouth black bass from each lake and in the lake
waters will allow demonstration of the importance of the specific
activity of the water on the accumulation of 137Cs by fish. A
second phase of the project will be directed at testing if trophic
position is a factor in the accumulation of 137Cs. Other studies, at
least in terrestrial ecosystems, have indicated an increase of
137Cs concentraticns of about three-fold between trophic levels.
Sampies of the aquatic plants and organisms, including fish, from
a single lake and representing the trophic levels of producer, her-
bivore, omnivore, and carnivore will be analyzed for 137Cs con-
tent and compared. The overall objective of the study is to gain
the knowledge necessary to permit us to predict maximum con-

centrations of 137Cs in iced fishes from estimated inputs of the
radionuclide to natural waters.
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SUPPORTED BY U.S. Atomic Energy Commission

1.0069, GEOCHEMICAL INVESTIGATION OF THE
GROUNDWATER SYSTEM IN THE LANSING, MICHIGAN,
AREA
S.B. ROMBERGER, Michigan State University, Graduate
School, East Lansing, Michigan 48824

This program involves the collection of baseline geochemical
data on subsurface water in contact with the Saginaw formation,
the most important groundwater aquifer in the Lansing area.
These data will be used to evaluate ncw sources of potable
groundwater to supplement the presently dwindling supply of un-
contaminated surface water. Subsurface chemical data will be
correlated with water quality data already available for surface
waters, and the chemical composition of the enclosing rocks to
determine their role in controlling the chemistry of groundwater.
The major constituents to be dectermined are hydronium ion
(pH), sodium, calcium, potassium, magnesium, iron, bicarbonate,
sulfate, chloride, nitratc, and phosphate. The state of cquilibrium
of the groundwater with its environment will be calculated using
thermodynamic data. Reactions of contaminated surface water
with groundwater and earth materials will be investigated both in
the field and in the laboratory to determine beneficial and
deleterious products. Using the data collected and the environ-
mental factors determined, a geochemical model will be calcu-
lated.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Michigan State University

1.0070, TRAVEL OF NITROGEN IN SOILS
G.J. SCHROEPFER, Univ. of Minnesota, School of Engineering,
Minneapolis, Minnesota 55455

Work on the project began in October of 1962. Initial work
included soil lysimeter studies as well as bench experiments in
which soils and contamination waters were intimately mixed.
These studies were directed at determining the chemical and
physical factors affecting the travel of nitrogen compounds. In
1963 a sampling program was initiated to obtain field data to cor-
relatc with laboratory results. Ground water observation wells
were installed in the vicinity of waste stabilization ponds and sep-
tic tank tile fields. This field sampling program is continuing at
present on a cxpanded scale. In 1965 a controlled feed soil ab-
sorption system was installed employing synthetic substrate, along
with a system of 12 observation wells, to determine the rate of
nitrate formation and its movement in ground water,

An additional controlled feed soil absorption system has
been installed in a soil with an effective size serveral times smaller
than that of the original system. Additional pond studies are also
being carried on. Thesc systcms, along with a study of the
microorganisms involved, are providing data to determine the
factors governing the movement of nitrogen compounds through
soils and to cvaluate the travel limits of nitrogen, in its various
forms, under field conditions in the vicinity of underground pollu-
tion.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

1.0071, FREE SURFACE VORTEX RESEARCH
G.H. KEULEGAN, U.S. Army, Waterways Experiment Sta. ,
Vicksburg, Mississippi

Technical Objective: Provide basic laboratory information
concerning the effects of fluid viscosity on (1) the incipient con-
ditions for vortex formation, (2) its shape and size, and (3) its rate
of decay. Compare cxperimental results with theory and other
laboratory information in an effort to improve the understanding
of the vortex phenomenon.

Approach: The following variables will be considered in a
systematic laboratory investigation of the free surface vortex in a
cylindrical tank. Radius of tank, diameter of orifice, depth of fluid
in tank, radial velocity, tangential velocity, kinematic viscosity of
fluid, density of fluid, surface tension of fluid, acceleration of
gravity, depression of surface at a particular distance from the
center of the tank, and circulation. The effects of viscous forces
on the vortex phenomenon will be studied by varying the

Reynold’s number while other parameters are held at specified
values, This will be accomplished through the use of several dif-
ferrnt liquids (water, glycerine, different grades of oil) in the
system. Observations will be made of incipient conditions for vor-
tex formation with each test fluid. Surface profile measurements
will be recorded for the stable vortices produced by given test
conditions. Velocity measurements will also be made during sta-
ble flow conditions. Observations will be made of the time
required for the vortex to decay due to viscous forces when the
circulation system is closed.

Progress (Jan 66 - Jun 67): Measurements of water depth,
discharge and vanc angle and the vortex profile were made for a
4-in.-diameter by 24-in.-long outlet tube with free discharge and
with a 1-in. orifice at the bottom. Future investigations will use a
simple exit orifice at the level of the bottom of the vortex tank. A
second picce of apparatus is being built to check viscosity.

SUPPORTED BY U.S. Dept. of Defense - Army

1.0072, ANALYSIS OF MIXING PHENOMENA AS-
SOCIATED WITH THE RISE OF GASEOUS BUBBLES THRU
A STRATIFIELD LIQUID

R.A. SAGER, U.S. Army, Waterways Experiment Sta. , Vicksburg,
Mississippi

Technical Objective - To study the mixing of an underlying
saltwater layer with an overlying freshwater layer, produced by a
pneamatic barrier system (bubble screens). The resuits of this
study will be used to determine the optimum design of a pneu-
matic barrier to achieve maximum vertical mixing at minimum
cost of construction and operation, and also to determine possible
scale effects attributable to air bubble size and other factors. This
work unit is primarily a pilot study for future resecarch to be aimed
at increasing the degree of vertical mixing and thercby provide
beneficial alterations to the hydraulic, salinity, and shoaling
regimens of estuaries.

Approach - Investigations will be conducted in a large basin
having the approximate dimensions of 20 ft. wide by 50 ft. long by
8 ft. deep. Tests will be conducted to study such variables as ini-
tial density difference between the saltwater and freshwater
layers, depth of the pneumatic barrier below the water surface,
rate of air supply to the pneumatic barrier, the size and spacing of
air outlets in the barrier, and the effects of multiple distribution
lines as opposed to a single line.

Progress (Oct 66-June 68): A literature and state-of-the-art
review was completed. A general test program was prepared and
construction of all test equipment was completed. Evaluation
tests of air flow distribution from the diffuser pipe indicated ad-
verse results. Tests to define the cffects of size and spacing of air
outlets on the mixing rate were completed using 1/8 in. holes on 6
in. centers and 1/16 in. holes on 2 in. centers. Preliminary results
of these rests indicate essentially no significant difference in the
mixing rate of an initially layered fresh and salt water system into
a saline mixture for the two different sizes and spacings of air out-
lets. Tests to define the cffect of flow rate were initiated with two
tests completed. Analysis of test data was initiated.

SUPPORTED BY U.S. Dept. of Defense - Army

1.0073, NMR AND X-RAY STUDIES OF STRUCTURE IN
AQUEOUS ELECTROLYTE SOLUTIONS

D.W. LARSEN, Univ. of Missouri, Water Resources Research
Ctr. , Columbia, Missouri 65202

A study is proposed to elucidate the nature of the interac-
tions which occur between oppositely charged ions and between
ions and water molecules in aqueous solution. The techniques to
be used in the study are NMR spectroscopy and X-Ray diffrac-
tion.

The NMR Studies will provide information about configura-
tions in solutions containing large, structural anions and cations.
The large- angle X-Ray Studies will provide information about
configurations in solutions containing small, structureless ions,
and the small-angle X-Ray Studies will be used to study isother-
ma! compressibility and long range structure.

' It is expected that the combination of NMR and X-Ray Stu-
dies will enable the behavior of a wide variety of ions to be in-
vestigated as a function of temperature, from which valuable in-
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formation concerning the electrostatic potentials surrounding
ions will be obtained.

SUPPORTED BY U.S. Dept. of Interior - O, Water Res. Rch
University of Missouri

1.0074, A STUDY OF THE INTERACTIONS PRESENT IN
AQUEOUS SALT SOLUTIONS BY NUCLEAR MAGNETIC
RESONANCE SPECTROSCOPY
D.W. LARSEN, Univ. of Missouri, Water Resources Research
Ctr. , Saint Louis, Missouri 63121

A study is proposed to elucidate the nature of the interac-
tions which occur between oppositely charged ions and between
ions and water molecules in aqueous solution. The systems to be
studied will be composed of tetraalkylammonium ions and
paramagnetic complex transition metal anions in deuterium oxide
solution. Data obtained from the studies is expected to provide in-
formation about the configurations and internal motions of the
various species present in solution.

The research wiil focus upon the correlation of configura-
tions and internal motions with variable parameters of the anion,
such as size, charge, nature of the ligand, and nature of the metal-
ligand bond. It is expected that studics made on a large variety of
paramagnetic complexes will aid in the increase of knowledge of
the electrostatic potential surrounding the anion.

Significant advances in many of the aspects of conservation
and development of the nation’s water resources are necessarily
preceded by advances in understanding of the nature of pertinent
basic processes. This research project hopefully will add to the
basic understanding of the interactions between some species that
pollute water.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Missouri

1.0075, WATER-SOIL-PLANT RELATIONS
R.H. RUF, Univ. of Nevada, Agricultural Experiment Sta. , Reno,
Nevada 89507

Objectives: To evaluate the interaction of root medium stress
and transpirational stress as imposed by temperature, light and
relative humidity on plant growth and cell maturation. To deter-
mine the cffect of this stress on differential cell maturation and
subsequent growth resumption when the stress is relieved.

Procedures: Plants will be grown in nutrient solutions con-
taining polyethylene glycol (Carbowax 1540) as an osmotic
agent. Aerial stress will be regulated in controlled environment
chambers by light intensity, relative humidity and temperature.
Cell maturation and intcrnal cell osmotic concentration will be
measured with a Warburg respirometer and vapor pressure
osmometer respectively. The growth rate after a stress period will
be measurad cither with whole tubers or tissue discs grown on
nutrient agar.

SUPPORTIED BY U.S. Dept. of Agriculture
Nevada State Government

1.0076, FHYSICS AND CHEMISTRY OF SOIL WATER
AND INTERFACIAL PHENOMENA
D.M. ANDERSON, U.S. Army, Terrestrial Sciences Center,
Hanover, New Hampshire 03755

Phase reclationships and thermodynamic properties will be
determined for interfacial water and water adsorbed by earth
materials. The measurements are being determined principally in
the temperature range 0 degrees C - 180 degrees C to aid in the
understanding of the phenomena of freezing and thawing.

SUPPORTED BY U.S. Dept. of Defense - Army

1.0077, METAL ION INTERACTIONS WITH WATER
T.G. SPIRO, Princeton University, Graduate School, Princeton,
New' Jersey 08540

Statement of Objective: The interest which motivates the
research proposed here revolves around the mutual interaction of
metal ions in aqueous solution, especially under conditions that
are biochemically relevant. This interaction arises from the
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ubiquitous formation of hydroxyl bridged polynuclear complexes
in metal ion solutions. Of particular biological interest is the fact
that many naturally occurring chelating agents leave one or more
metal ion coordination sites occupied by water, hence susceptible
to hydrolysis and polymerization. Since the physiological pH
range is preciscly where hydrolysis is expected for many metal
ions, the occurrence of polynuclear structures in biological fluids
is entirely probable, That they may be of biochemical importance
as well is indicated by our finding that the marked catalysis of
ATP dephosphorylation by copper (1I) ions involves a dinuclear
copper chelate. Of similar relevance is the finding that a citrate
stabilized high polymer of iron (III) can be used to reconstitute
ferritin from apoferritin.

Our research cfforts are aimed at structural elucidation of
polynuclear complexes using Raman spectroscopy and other
physical techniques; at cxploring the kinetic implications of
polynuclear spccies in metal catalyzed ATP reactions; and at stu-
dying the formation of chelate stabilized high polymers of metal
ions,

SUPPORTED BY U.S. Dept. of Hith. Ed. & Wel. - P.H.S.

1.0078, DIELECTRIC PROPERTIES OF HYDROGEN-
BONDED LIQUIDS

W. DANNHAUSER, State University of New York, Graduate
School, Buffalo, New York 14214

The purpcse of this research is to extend measurements of
the diclectric constant of some simple hydrogen-bonded liguids as
a function of frequency, temperature, and pressure. Equilibrium
data will be analyzed in terms of intermolecular associative
cquibria involving hydrogen-bonds as a specific function of
molecular geometry. The ultimate results will be expressed as the
thermodynamic parameters characteristic of the associative
equilibria. Dielectric dispersicn data will be analyzed in the con-
tﬁxt of Eyring’s theory and also in terms of fluctuation-correlation
theory.

One part of the program cntails the measurement of the
dielectric constant of a number of isomeric octyl alcohols over a
wide range of temperature and frequency. By varying the position
of the -OH group in the molecule, and thus the extent of steric in-
terference with intermolecular hydrogen-bonding, it is possible to
obtain liquids whose extent of association varies widely. Because
the isomers all have essentially identical .nolar volumes and
dipole moments, differences in their dielectric behavior must be
due entirely to specific differences in the shape of the molecule.
The possibility of correlating equilibrium propertics with dielec-
tric relaxation will be studied.

The major goal of the prcject is to extended diclectric con-
stant and lose measurements to about 4 kbars pressure. The ther-
modynamic functions delta V, delta E, and delta Sv characteristic
of the association (hydrogen-bonding) will be determined from
the pressure dependence of the cequilibrium dielectric constant.
Delta Sv in particular is expected to be sensitive to the size and
shape of the molecules. Similarly, the activation parameters delta
Sv, delta E, and delta Sv will be obtained from the pressure de-
pendence of the dielectric relaxation times. Variations in the
molecular environment due to thermal expansion are eliminated
when working at constant volume. Thus, when examining chemi-
cally similar liquids a comparison of the resulting data will be in-
dicative of intrinsic molecular differences which may be corre-
lated with the size and shape of the molecules. The first test
liquids will be the lower aliphatic alcohols.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0079, INVESTIGATIONS OF AQUEOUS SALT SOLU-

TIONS BY RAMAN SPECTROSCOPY

l;.AI.C PLANE, Cornell University, Graduate School, Ithaca, New
or.

Raman spectra will be measured of a variety of salts in aque-
ous solution. Emphasis will be placed on halides although other
salts may also be studied. Measurements will be made of the
vibrational modes of both solute species and the solvent. Primary
goals include characterization of actual species present in order
to determine conditions under which complex ion formation oc-
curs in a stepwise series, whether intermediate complexes contain
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coordinated water molccules, and maximum coordination
number of cations for anions. Studies will be made of quantitative
intensities as a function of temperature in order to obtain ther-
modynamic data.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0080, SOLUBILITY OF NATURAL GASES IN CONNATE
WATER AND OF WATER IN NATURAL GASES
N.O. SMITH, Fordham University, Graduate School, New York,
New York 10458

The ‘Solubility of Natural Gases in Connate Water and of
Water in Natural Gases' is a continuation of NSF Grant GP-5066,
and it is concerned with the solubility of natural gases in brine and
the mechanism of intrastratal fluid flow in sedminetary rocks.
Measurements of the solubility of CH4, N2 and He in water con-
taining Im NaCl from 50 to 125 degrees C at pressures up to
10,000 psi, have been made. Futu:¢ work will include the solubili-
ty of C2H6, H2S and CQO2 in similar brines under the above con-
ditions of pressure and temperaturcs. A study of the water con-
tent of the coexisting gas phases will add to the scant knowledge
of the vapor pressure of water qver water and brine in geclogical
environments, provide a much closer estimatz of fugacities at
high pressures than is presently available, and provide much
needed data on the deviation from ideality of gas-water mixtures
at high pressurcs.

SUPPORTED BY U.S. National Science Foundation

1.0081, GEOCHEMICAL STUDIES OF CONTINENTAL
WATERS

W.S. BROECKER, (oiumbia University, Graduate School,
Palisades, New York 10964 (AT(30-1)2493)

The purpose of this research is to gain an understanding of
the factors controlling the major element chemistry of continental
waters. We are contrasting the chemistry of three closed basin
saline lakes, a sulfate-rich meromictic lake, and its associated
ground waters, two fresh water lakes, lakes within active volcanic
regions and subsurface waters in an island coral cap. Measure-
ments of the major elements, pH, and pCO are being made on the
lake waters, river and ground waters supplving the !akes, and pore
waters extracted from the lake sediments: Stable and
radioisotopes (C-14, C-13, Sr-90, Cs-137, Rn-222, ...) provide
useful means of tracing sources and determining residence times.
The origin of the detrital and authigenic phases in the sediments is
also being studied.

A report regarding our study of Green Lake is in press (Lim-
nology and Oceanography). Preliminary reports on our saline
lake studies appear in this years Project Report.

SUPPORTED BY U.S. Atomic Energy Commission

1.0082, STRUCTURE OF CARBON-OXYGEN COM-
PLEXES

R.J. BOBKA, State University of New York, Graduate School,
Plattsburgh, New York 12901

Objective: The objective for this research is to establish
structures for surface oxygen complexes on carbon.

Background: Important commercial uses of various types of
carbons as gas or water purifiers, ink coloring agents, rubber fil-
lers and, recently, as fiber fillers in resin composites are markedly
affected by the surface area, porosity and surface oxygen content
of the carbon. The surface oxygen largely determines whether in-
teraction with other substances will occur by physical or chemical
adsorption or whether it will occur at all. For example, oxygen-
free carbon is hydrophobic while carbon with surface oxygen is
hydrophilic. Surface oxygen exists on carbon in carbon-oxygen
complexes whose structures vary according to the method of their
preparation. These structures can be studied with infrared spec-
trophotometry provided that the particle size of the carbon is an
order of magnitude smaller than the wavelength of the radiation
and the carbon-oxygen compiexes are present in sufficiently high
concentration. Both conditions are met with ‘ultrafine graphite
which the applicant is able to prepare.

General Experimental Procedure; Carbon-oxygen complexes
will be generated on ultrafine graphite under controlled condi-
tions of atmosphere and temperature. The infrared absorption
bands will be identified. The gross composition of the complexes
will then be determined by thermal decomposition in a gas chro-
matograph and the infrared spectrophotometer, using a gas cell.
Structural formulas consistent with both sets of observations will
then be assigned.

SUPPORTED BY State University of New York

1.0083, BEHAVIOR OF LIQUID SURFACES DURING
EVAPORATION AND CONDENSATION
K. HICKMAN, Rochester Inst. of Technology, Graduate School,
Rochester, New York 14608

The ultimate purpose is to evaluate the conditions that per-
mit greatest raies of cvaporation and condensation for unit area
and driving force; and to enumerate or discover factors that inter-
fere. Two general methods will be used: phase change at the sur-
face of rapidly moving streams; and studies of the quietly
cvaporating stationary (stagnant) surface. The preferred instru-
ment for the former will be the jet tensimeter and for the latter the
floating liquid boule. Systems of Schlieren and high speed photug-
raphy are being further perfected for recording the boule
phenomena. The heat balance of the houle and surrounding liquid
is being studied by collecting vapcr concurrently from the surface
of the boule, the surface of the supporting liquid and froin the rim
which terminates the shroud between the two. The high speed
evaporation determined by the jet tensimeter is being increased
by propelling the liquid jets at higher pressures thus decreasing
the exposure interval of the surface from .001 seconds to .0001
seconds.

SUPPORTED BY U.S. Dept. of Interior - Off. Salinc Water

1.0084, STATISTICAL MECHANICAL THEORIES OF
FLUIDS |
F.P. BUFF, Univ. of Rochester, Graduate School, Rochester, New
York 14627

It is the main purpose of this investigation to elucidate the in-
terfacial structure of fluids from the triple point to the critical re-
gion by statistical mechanical theories. The problems include in-
terfacial width criteria by thermodynamic techniques, a rigorous
analysis of surface tersion by the method of cluster diagrams and
functional differentiation, an examination of density profiles by
an extended van der Waals density gradient approach, utilization
of capiilary waves as a suitable set of collective coordinates for
the calculation of leading moments of the interfacial distribution,
examination of optical line shapes and explanation of the in-
creased diffuseness of quantum fluids, as well as related problems.
In order to compare these theories with optical experiments it is
necessary to solve the equations for the E and H waves by means
of Green’s function techniques. It is also proposed to examine the
surface properties of water and ionic solutions. The bulk proper-
ties of salt solutions will be studied by means of nearest neighbor
functions. The structure of the electrical double layer will be in-
vestigated by means of charge fluctuation criteria to test models
for the description of the inner Helmholtz plane.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0085, STUDIES OF THE PHYSICAL CHEMISTRY OF
ELECTROLYTE SOLUTIONS
H. FRIEDMAN, State University of New York, Graduate School,
Stony Brook, New York 11790

Statistical-mecharical methods are to be applied to these
problems: 1. The calculation cf the thermodynamic properties of
the ‘primitive model* of single and mixed electrolyte solutions
with reasonable numerical accuracy at concentrations as high as 1
molar. 2. Calculation of the terms in the equivalent conductance
of order ¢ In ¢ and c , where c is the concentration, for unsymmet-
rical electrolytes and for mixtures, on the basis of the simpiest
(Debye-Huckel) model. 3. Calculation of nuclear-magnetic relax-
ation times in ionic solutions and their relation to transport coeffi-
cients, on the basis of the simplest model. 4. Study of the effects
on all of the above of using more realistic models.
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1.0086, VOLUME CHANGES ON MIXING SOLUTICNS
OF ELECTROLYTES
H.E. WIRTH, Syracuse University, Graduate School, Syracuse,
New York 13210

The objective is to determine the apparent and partial molal
volumes of electrolytes such as MgC12, MgS04, and CaC12 in bi-
nary mixtures with themselves and with other electrolytes such as
NaC1i, NaBr, KCi, and Na2SO4. Most of the data will be ob-
tained at 25 degrees C, but certain selected systems will be stu-
died in the temperature range of 5 degrees - 40 degrees C. The
concentration range will be from 0 - 4 molal. Some work will be
done on ternary mixtures as well, with the ultimate objective of
being able to compute the apparent and partial molal volumes of
any of the above electrolytes in mixtures containing all others. A
precision dilatometer capable of measuring directly the small
volume changes occurring when solutions of electrolytes are
mixed is the basic insirument used.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0087, TRANSPORT PROPERTIES OF CONCENTRATED
SALT SOLUTIONS
G.J. JANZ, Rensselaer Polytechnic Inst. , Graduate School, Troy,
New York 12181

The objective of this research is to obtain data on Kinetic pro-
perties, sucii as diffusion, viscosity, and conductivity of concen-
trated salt solutions. A system of 1:1 sodium salts will be chosen
so that the kinetic properties of these systems can also be corre-
lated by spectral means at higher concentrations and several dif-
ferent temperatures. The results will be interpreted to develop an
improved understanding of ion-ion and ion-water interactions in
concentrated salt solutions.

SUPPORTED BY U.S. Depi. of Interior - Off. Saline Water

1.0088, DISSCLVED ORGANIC PHOSPHORUS IN NATU-
RAL WATERS
E.J. KUENZLER, Univ. of North Carolina, Schoo} of Public
Health, Chapel Fill, North Carolina 27514

The objectives of this proposal are to continue seeking
techniques for identification of the major components of the dis-
solved organic phosphorus (DOP) pool in natural waters, to in-
vestigate thz seasonal distribution of DOP compounds, and to ex-
amine the nature of the DGP eliminated into the medium by cul-
tures of planktonic algae. The geographical and seasonal changes
in total DOP are partially known but the chemical compounds
making up these pools are completely unknown. Prior work has
shown that the DOP present in natural sea waters consists of
several important components. The DOP eliminated by healthy
algae in pure culture also consists of several components but it is
not yet known whether these are the same as occur in natural
waters, Co precipitation on Fe(OH)3 is used to remove DOP
from sea water. The iron is then removed from the DOP by sol-
vent extraction into acetyl acetone in C Cl4. The organic sub-
stances are purified and concentrated, separated by paper chro-
matography, and detected by spray reagents or by radioautog-
raphy. To date methods have been developed for concentrating,
purifying, and separating organic phosphorus compounds from
natural waters and from radioautography. To date compounds
from natural waters and from unialgal cultures. The next steps are
the fina! identification of these compounds, the delineation of
their spatial and seasonal distributions, and investigation of their
ecological significance.

SUPPORTED BY U.S. Atomic Energy Commission

1.0089, STUDY OF TOXIN
SYNCHRONIZED PRYMNESIUM
G.M. PADILLA, Duke University, School of Medicine, Durham,
North Carolina 27706

Hemolysins from the euryhaline flagellate Prymnesium are
preferentially synthesized at a salinity corresponding to that of
75% sea water. The hemolytic toxin appears to be localized in the
membrane fraction of cell homogenates separated by sucrose

SYNTHESIS IN
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density gradient centrifrugation. Initial purification by passage
through Sephadex LH- 20 indicates that the toxin has a molecular
weight zbove 1,000. The extent to which glycerol enhances toxin
synthesis is being investigated. The effect of illumination on the
time course of toxin production is independent of the rate of
protein and nucleic acid synthesis. Radioactively -labelled toxin
fractions are being prepared so as to determine the biogenesis and
chemical structure of toxins under closely controlled conditions
of growth (e.g., light-dark cyclings). We plan to relate toxin
synthesis to a specific major cellular function during the cell cycle
by inducing cell division synchrony. Similar studies are being in-
itiated wtih toxins from related marine algae of the genera
Gonyautax and Gymnodinium,

SUPPORTED BY U.S. Dept. of Hith. Ed. & Wel. - P.H.S.

1.0090, THERMODYNAMICS OF MIXING OF SALT
SOLUTIONS
H.L. ANDERSON, Uniy. of North Carolina, Undergraduate
School, Greensboro, North Carolina 27412

A research program designed to learn more about the nature
of ionic interactions in aqueous solutions has been started at the
University of North Carolina at Greensboro. The immediate goal
of this investigation is to look at the role of solvent structure in in-
fluencing the thermodynamic properties of ionic interactions by
measuring the heats of mixing at constant total ionic strength of a
wide variety of strong electrolytes as a function of temperature
(25 - 100 degrees Centigrade.) and concentration (0.1 - 1.0
molal). The initial mixtures to be studied will be binary elec-
trolyte mixtures of the alkali and tetraalkylammonium cations in
the presence of a common anion.

In order to make the above measurerments, a high sensitivity
calorimeter is currently being built.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0091, FIELD TECHNIQUES FOR CHEMICAL ANALY-
SIS OF WETLAND CRITERIA

V.A. ADOMAITIS, U.S. Dept. of Interior, Northern Pr. Wife. Res.
Ctr. , Jamestown, North Dakota

Objectives: To develop analytical techniques that will permit
multiple chemical analysis of components necessary for the rapid
evaluation of water and plant quality criteria. Techniques should
be applicable to ficld conditions in isolated prairie or forest areas
for waters ranging from (-100,000 micromhos/cm?2.

Procedures: Translations from German will be made from
HELVETICA CHIMICA ACTA, especially the work of Prof. H.
Seiler, University of Basel, Switzeriand, and from other scientific
journals.

Translations from Esperanto will be made from STUDOJ PRI
AMELOJ DE LEGUMENOJ, authored by Prof. S. Kawamura,
University of Kagawa, Miketyo, Japan, and from other scientific
Jjournals,

The above and similar theoretical research work in physical
chemistry and phytochemistry will be applied to practical
ecochemical chromatography and colorimetry for highly alkaline
prairie marshes and acidic forest bogs.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

1.0092, CHEMICAL CHARACTERIZATION OF WATERS
OF PRAIRIE AND FOREST WETLANDS

V.A. ADOMAITIS, U.S. Dept. of Interior, Northern Pr. Wlfe. Res.
Ctr. , Jamestown, North Dakota

Objectives: To determine the general water quality charac-
teristics, nutritional and toxic elements and other compounds
present in prairie potholes and forest wetlands, and to determine
the influences of such chemical factors on quality of waterfowl
habitats.

Procedures: The following water quality criteria will be
analyzed by gravimetric, titrimetric and colorimetric methods: al-
kalinity, chloride, chromate, copper, fluoride, calcium hardness,
total hardness, iron, manganese, metaphosphate, nitrate, nitrite,
orthophosphate, pH, silica, sulfate, turbidity, total dissolved
solids, total residue and other analyses as required.
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The following nutritional elements will be determined by
atomic absorption spectrophotometric methods: barium, beron,
calcium, cobalt, copper, iron, magnesium, manganese, molyb-
denum, potassium, sodium and zinc.

The following toxic elements will be determined by atomic
absorption spectrophotometric methods: antimony, arsenic,
beryllium, bismuth, cadmium, chromium, lead, lithium, mercury,
nickel, selenium, silver, tellurium and thallium.

Nutritional and toxic compounis will be determined by vari-
ous specific methods depending on the nature of the chemical
knowledge obtained above.

A reference grid of water quality facts will be established for
given geographic prairie and forest areas in the North Central
States in order to support future research and management activi-
ties.

SUPPORTED BY U.S. Dept. of Interior - Bu. Spert Fish.

1.0093, THE  INVESTIGATION OF  TRANSPORT
PROCESSES IN AQUEOUS ELECTROLYTE SOLUTIONS
D.F. EVANS, Case Western Reserve Univ. , Graduate School,
Cleveland, Ohio 44106

I. Objectives of the Research (1) to determine the transport
behavior of small molecules (non-electrolytes) in water and com-
pare their behavior with that of electrolytes in order to establish
the effect of ionic charge on the transport properties. (2) to elu-
cidate the nature of ion-1on interactions in aqueous solution.

The first goal will be achieved by measuring the diffusion
coefficients of small non-polar (e.g., rare gases and gaseous
hydrocarbons) and polar compounds in water as a function of
temperature. These measurements on non-polar compounds will
subsequently be carried out in aqueous electrolyte solutions. The
second objective will involve conductance measurements in two
types of solutions: (1) aqueous solutions of new large ions and (2)
solutions of multi-valent ions in heavy water. The conductance
measurements will be directed towards giving information con-
cerning jon association and should help resolve questions regard-
ing the pattern of ionic association in water.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0094, HETEROGENECGUS NUCLEATION AND CON-
DENSATION OF VAPORS
A.G. WALTON, Case Western Reserve Univ. , Graduate School,
Cleveland, Ohio 44106

Apparatus is being set up to examine the energetics of
heterogeneous nucleation of vapors on mainly crystalline sub-
strates. Studies of this type are designed to lead to a better un-
derstanding of the mechanism of condensation processes and to
relate the observed critical supersaturations to the surface ad-
sorption and diffusion processes. Vapors to be studied are water,
benzene, cyclohexane and hydrocarbons; substrates include alkali
halides and other single crystals, polymers and surface *reated
metals. It is hoped that the experiments will also form critical tests
for current theories.

SUPPORTEL' BY U.S. Dept. of Interior - Off. Saline Water

1.0095, ION-SOLVENT AND ION-ION INTERACTIONS IN
AQUEOUS ELECTROLYTES
E. YEAGER, Case Western Reserve Univ. , Graduate School,
Cleveland, Ohio 44106

Research objectives are 1) to establish the effects of ions on
the structural relaxation of water and to interpret these effects in
terms of various models for water and aqueous solutions; and 2)
to gain further understanding of the role of solvent molecules in
multiple- step ion association-disociation processes. The first will
be pursued through the study of the study of the effects of various
electrolytes on ultrasonic absorption in the absence of chemical
relaxation effects. The depression of absorption produced by
large structure-breaking ions will be measured with Carstensen-
type equipment, initially at 1 atmosphere and later at higher pres-
sures. Such measurements together with partial molal volume and
compressibility data will be used to obtain information concern-
ing the effects of these ions on the equilibrium distribution of

structures in water and the structural relaxation times. The
research on the role of solvent in ion association-dissociation
processes will involve kinetic studies using principally the tem-
perature-jump relaxation technique with laser heating. The
volumes and energies of activation will be determined from the
pressure and temperature dependence of the kinetic parameters.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0096, SOLUBILITIES OF SILICATES IN SALINE
WATERS
A.G. COLLINS, U.S. Dept. of Interior, Petroleum Research Ctr. ,
Bartlesville, Cklahoma

The solubility of serpentine in saline waters is determined
using a hydrothermal pressure reactor. Thermodynamic parame-
ters are calculated and empirical equations are developed from
the experimentally derived data. This information is needed to
develop better desalination and petroleum production methods.

SUPPORTED BY U.S. Dept. of Interior - Bureau of Mines

1.0097, SOLUBILITIES OF THE SULFATES OF BARIUM
AND STRONTIUM IN OILFIELD WATERS
A.G. COLLINS, U.S. Dept. of Interior, Petroleum Research Ctr. ,
Bartlesville, Okiahoma

The solubilities of barium sulfate and strontium sulfate in
synthetic and natural saline waters are determined by using sul-
fur-35 tagged salts. Thermodynamic parameters are calculated
and empirical equations are developed using the experimentally
derived data. This information is needed to develop better
petroleum production methods.

SUPPORTED BY U.S. Dept. of Interior - Bureau of Mines

1.0098, SOLUTE PROPERTIES OF WATER
S.D. CHRISTIAN, Univ. of Oklahoma, Graduate School, Nor-
man, Oklahoma 73069

Little is known about specific interactions between
molecules and solute molecules or ions. The success we have had
in elucidating self- association and hydration equilibria in organic
solvents has been due in large measure to the application of
several physical methods in studying each system. Our approach
has also avoided the difficulty experienced in studies of aqueous
systems where the preponderance of solvent-solvent interactions
as opposed to solvent-sclute are overpowering and has permitted
us to progressively increase the polarity of the systems being stu-
died.

This proposal outlines a program of research in which the
solute properties of water will continue to be investigated. Spec-
tral (infra- red, ultra-violet and nuclear magnetic resonance) col-
ligative property, distribution and dielectric constant measure-
ments will be made to determine the bonding and reaction
characteristics of hydrates of polar species in non-aqueous media.

The range of physical methods to be applied will be enlarged
where possible and we will place new emphasis upon qualitative
information concerning the conformation of water aggregates and
hydrates as well as continue our accumuiation of quantitative
thermodynamic data.

It is expected that the results of the proposed research will be
important not only in increasing our understanding of the bonding
pro%erties of water, but also in developing improved theories of
the hydrogen bond.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0099, MEASUREMENT OF THERMODYNAMIC PRO-
PERTIES OF SALINE SOLUTIONS
A.M. ROWE, Okla. St. Univ. of Agr. & Sci. , School of Engineer-
ing, Stillwater, Oklahoma 74075

Engineers must determine the thermodynamic properties of
aqueous solutions containing various salts and other contaminates
in order to design plants to purify water. The purpose of this work
is to conduct the necessary experiments to obtain data for predic-
tion of these thermodynamic properties over a wide range of tem-
peratures and pressures. A heat of vaporization calorimeter and a
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p-v-T cell will be used in the experimental phase of this program.
Tests will also be conducted to measure the effect of various
parameters on heat of vaporization over a wide range of tempera-
ture and pressure.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Oklahoma State University

1.0100, KINETICS OF ADSORPTION VIA DOUBLE
LAYER CAPACITY MEASUREMENTS

AJ. DIEFENDERFER, Lehigh University, Graduate School,
Bethlehem, Pennsylvania 18015

A method of measurement of the double layer capacity of a
mercury electrode-saline solution interface is being used which
depends upon the application of a linear voltage ramp to the elec-
tro-chemical cell. In the absence of electro-active material, the
resulting current is directly proportional to the capacity current,

ythus permitting the recording of the entire curve in a fraction of a
second (the time of the ramp).

This technique is being used to examine the effect of partially
aqueous and non-aqueous solvent systems upon the electrical
double lzyer. The adsorption of organic molecules is being stu-
died as a function of these solvent changes as well as a function of
the adsorbate.

For adsorption processes which are not diffusion controlied,
a modification of the abnve technique will be used in an attempt
to evaluate the rate of adsorpiion.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0101, IONIC SOLVATION
J.O. BOCKRIS, Univ. of Pennsylvania, Grgduate School,
Philadelphia, Pennsylvania 19104 ’

Objectives: There is still some doubt as to whether a primary
hydration number really exists for ions like those of the alkali
metals (when there is no covalent bonding between the ion and
water); there is no widespread acceptance of any particular mea-
surement as the best one to use; and there is still a discrepancy of
up to plus or minus 50 percent as to the ‘correct' solvation
number in a given case.

The objectives of the project, therefore, are to examine criti-
cally the validity of the concept of solvation numbers, determine
the extent to which various methods yield results in agreement
with this concept, and determine, accurately, meaningful solva-
tion numbers.

Problems to be Studied: A wide range of different salts will
be studied, under different conditions, by five methods: 1 and 2)
Compressibility and Density mcasurements will give the sum of
the solvation numbers for a salt, and provide a test of consistency.
3) Ultrasonic e.m.f.’s will give the difference of solvation num-
bers. 4) Proton Magnetic Resonance studies will give the life time
o' the solvation sheath molecules. 5) Raman Spectroscopy studies
as a function of temperature will give the bond strengths and
other information on the solvation shell, if this contains covalent
bonds.

Supplementary measurements will be: i) The use of con-
ductance measurements at high concentrations to deduce the
degree of association. ii) The measurement of the pressure depen-
dence of the self diffusion coefficient, to give information on the
volume, hence ¢onstitution, of the hydration sheath.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0102, THE RELATION BETWEEN THE STRUCTURE
AND PROPERTIES OF LIQUID WATER

H.S. FRANK, Carnegie Mellon University, Graduate School, Pitt-
sburgh, Pennsylvania 15213

The purpose of this research is to attempt formation of Cox’s
ice and to study the differences in properties between freshly
meited ice and freshly condensed steam.

This investigation will be approached by the compression
and cooling of ice-water mixtures; far infrared, Raman and ul-
traviolet spectra will be used as functions of origin and thermal
history of water samples.

1. NATURE OF WATER

Better understanding of the nature of solvent water can be
expected to strongly assist in the attack on the problem of
separating this solvent from salts dissolved therein.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0103, TRANSPORT AND DIELECTRIC PROPERTIES
OF SALINE SOLUTIONS

R.L. KAY, Carnegie Mellon University, Grzduate School, Pitt-
sburgh, Pennsylvania 15213 (14-01-0001-1729)

Low frequency dielectric constants will be measured at pres-
sures up to about 3,000 atmospheres and in the temperature
range O degrees - 60 degrees C for heavy water, methanol,
ethanol, acetonitrile, formamide or N-methylformamide,
dimethylsulfoxide, and possibly n-hexane or carbon tetrachloride.
Compressibilities will be measured for those liquids for which
adequate data are not now available. A dielectric cell will be
designed and constructed for the simultaneous measurement of
both compressibilities and dielectric constants.

Ionic mobilities wiil ve determined for selected salts in the
above solvent systems at pressures as high as 4,000 atmospheres.
These measurements will require transference data as well ag con-
ductance measurements. A new method has been devised for
determining transferencs. numbers at pressures as high as those
contemplated here.

SUPPORTED BY U.S. Dept. of Intcrior - Off. Saline Water

1.0104, THE EFFECTS OF NGNELECTROLYTES AND
SELECTED SALTS ON STRUCTURING IN WATER
E.M. ARNETT, Univ. of Pittsburgh, Graduate School, Pittsburgh,
Pennsylvania 15213

Measurements will be made of the partial molal free ener-
gies, enthalpies, entropies and heat capacities that accompany the
dissolving of specially selected compounds into water, aqueous
saline solutions, and other suitable media such as heavy water.
Criteria for sait selection will include importance as components
of sea water, known influence on aqueous crdering and solubility
in water. The experimental techniques will be solute distribution,
calorimetry and spectroscopy. The results should make possible
better understanding of solute-water forces and orientations in
saline solutions.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0105, STUDIES BEARING ON THE RELATION OF
STRUCTURE TO PROPERTIES IN LIQUID SOLUTIONS
H.S. FRANK, Uniy. of Pittsburgh, Graduate School, Pitisburgh,
Pennsylvania 15213

This is a continuation of work on aqueous clectrolytes, of
which the most recently completed items are the study of ZnSO4
in H20 and D20 solutions, and the comparison of activity coeffi-
cients of 6 alkali halides in H20 and D20. Under way are experi-
ments, including ones using liquid junction cells, aimed at esti-
mating single-ion activities, particularly of tetra-alkyl ammonium
ions in their halide solutions. In addition, theoretical studies are
continuing on thermodynamic models for liquid water and com-
parison of H20 and D20 as solvents both for salts and for non-
polar solutes.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0106, EFFECT OF AMINES, ALCOHOLS AND
{)Vlfx[‘;l‘li)(l)(LS ON THE PHYSICO-CHEMICAL PROPERTIES OF
G.A. JEFFREY, Univ. of Pittsburgh, Graduate School, Pittsburgh,
Pennsylvania 15213

We propose to study the effect of certain organic substances
on the hydrogen-bond structure of aqueous systems. These or-
ganic compounds will be such as combine both hydrophobic and
hydrophilic properties. The first compounds which will be studied
are the alkylamines. this will be followed by investigation of
systems involving alcohols and phenols. The experimental ap-
proach will be to determine the structures of any high hydrates
which are formed, by single crystal diffraction methods. The
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1. NATURE OF WATER

results will then be compared with the radial distribution function
of the aqueous solution of the same composition, firstly at che
melting point, then progressively further from this point, both
with respect to temperature and composition. Liquid state X-ray
diffraction studies will be used for this purpose. The possibility of
using infra-red spectroscopic methods on the high hydrate crystal
and their corresponding aqueous solutions will also be explored.

SUPPORTED BY U.S. Dept. of interior - Off. Saline Water

1.0107, FACTORS AFFECTING MINE DRAINAGE AND
THE GROUND WATER INTERACTIONS IN SELECTED
AREAS OF WESTERN PENNSYLVANIA (PART 1)

R.R. PARIZEK, Penn. State University, Graduate School, Univer-
sity Park, Penn:ylvania 16802

Rock and water samples were collected from two areas; one
containing strip mines producing acid waters and the other yield-
ing non-acid drainages. The samples were analyzed and compared
to determine the compositional variations responsible for the
divergent water qualities. The acid potential of a rock was related
to its sulfur content by three leaching tests. These tests also evalu-
ated the effect of pyrite crystallinity, rock type, iron bacteria and
alkalinity on acid production. The hydrology of the two areas was
approximated from measurements made on domestic wells of one
area.

It was found that the ranges of total sulfur contents of the
acid and non-acid areas were similar and could not account for
the different water qualities produced. The leaching tests showed
acid production to be partly dependent upon the sulfur content of
a rock and greatly affected by pyrite crystallinity, iron bacteria
and calcium carbonate. Ground waters in the unmined portions of
the acid drainage areca had low pHs; whereas those in the non-acid
area were alkaline. Because iron bacteria prefer an acidic en-
vironment, the former area may harbor the bacteria while the
latter may not. Consequently, the sterile areas may produce a
milder acid which can be further reduced by the available al-
kalinity.

The hydrologic setting consists of alternating aquifers and
aquitards in accord with the cyclicity which is characteristic of
the rocks. Under certain circumstances acid mine drainage may
be confined to surface water supplies.

SUPPORTED BY Pennsylvania State Government

1.0108, THE APPLICATION OF LASER IONIZATION
MASS SPECTROMETRY TO THE IDENTIFICATION OF
ORGANIC SALTS IN POLLUTED WATER
F.J. VASTOLA, Penn. State University, Graduate School, Univer-
sity Park, Pennsylvania 16802

The purpose of this research is to further develop the
technique of laser ionization mass spectrometry particularly with
respect to the analysis of organic salts. Mass spectra of detergent
materials such as organic sulfonates, sulfates and thiosulfates will
be obtained with the view of detecting and identifying trace
amounts of detergents in polluted waters.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Pennsylvania State University

1.0109, THE ANALYSIS AND GEOCHEMISTRY OF
TRACE ELEMENTS IN THE HYDROSPHERE

J.T. CORLESS, Univ. of Rhode Island, Graduate School, King-
ston, Rhode Island 02881

An investigation of the chemical situation of trace elements
in R. . lakes, rivers, and Narragansett Bay has been undertaken.
Routine procedures based on NAA and gamma spectroscopy
have been developed for Cu, Mn, Ni, and Zn.

Results to date indicate: 1. Significant local and regional
variations in trace element concentration and distribution exist
within Narragansett Bay and the above mentioned river systems.
A heavy trace metal load appears to be entering the head of the
Bay. 2. Natural seasonal variations exist and may bear directly on
the productivity cycle. 3. Neutron activation analysis offers an ac-
curate and extremely sensitive tool for the study of trace elements
in natural waters. The availability of tested and trusted

radioanalytical techniques for trace element analysis would
greatly facilitate the task of the water chemist. 4, An important
fraction of these dissolved trace metals exists in a chemical form
which cannot be extracted by diethyldithicarbamate until the
sample is oxidized (organic complexes).

Future plans (1968-1970) call for a close examination of the
partitioning of the trace elements among the particulates, dis-
solved- inorganic, and dissolved-organocomplex ‘phase‘. We plan
to describe the role played by dissolved and particulate organic
matter in the transport and deposition of trace elements. The dis-
tribution and partitioning of these trace elements within the water
column will be correlated with seasonal cycles, phytoplanktore
succession, salinity, and other chemical variables. Analytical
procedures for additional elements will be developed. The com-
parative trace metal chemistries of a natural and a polluted river
will be investigated.

SUPPORTED BY University of Rhode Island

1.0110, BIOCHEMICAL OXIDATION
BONS IN NATURAL ‘VATERS

¢.W. HOUSTON, Univ. of Rhode Island, Graduate School, King-
ston, Rhode Island 02881

The proposed study involves the investigation of microbial
degradation of hydrocarbons in natural waters, Although a great
deal is known about the bacteria affecting health, relatively little
is known about bacteria and biochemical processes that are fun-
damental to the assimilation of waste products that get into natu-
ral waters.

It is intended to cvaluate factors which influence the
clearance of hydrocarbons for natural waters by - 1. determining
cultural conditions and composition in a natural water source and
studying the dynamics of the system by a continuous culture study
in a simulated environment; 2. investigating the role of co-oxida-
tion phenomenon in the accumulation of toxic hydrocarbon inter-
mediates; 3. correlating the amount, type and the degradation
rate of hydrocarbons to seasonal and cultural parameters for the
purpose of recommending a suitable decontamination policy.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Rhode Island

OF HYDROCAR-

1.0111, EFFECT OF DRAG REDUCING ADDITIVES IN
WATER TRANSPORTATION
W.E. CASTRO, Clemson University, School of Engineering,
Clentson, South Carolina 29631

The proposed research consists of laboratory studies directed
at establishing the mechanisms involved in the friction reducing
effect of small concentrations of certain polymeric additives in
water. Once these mechanisms are clearly identified, they may
then be applied to the general probiem of drag. The proposed in-
vestigation will be conducted in two parts.

Part I - Fiuid Properties: 1. Laboratory studies of the effect of
drag reducing additives on viscosity, density, bulk, modulus of
elasticity, surface tension, and thread formation of water-polymer
solutions. 2, Degradation studies of additives by high shear-stress
and solvent pH. 3. Laboratory study of a new drag reducing addi-
tive, okra gum.

Part Il - Pipe Flow: 1. Pipe flow experiments with aqueous
solution of drag reducing additives in fully developed laminar and
turbulent flow. 2. Detailed investigation of the effect of additives
on transition which includes measuring the growth and intensity
of turbulent flashes and the effect of additives for both self-in-
duced and mechanically generated flashes. 3. Development of an
analytical model which will be useful for predicting drag reduc-
tion in other configurations.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Ciemson University

1.0112, ISOTOPE EFFECT ON THE THERMODYNAMIC
ACTIVITY OF WATER

W.A. VANHOOK, Univ. of Tennessee, Graduate School, Knox-
ville, Tennessee 37916
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The vapor pressure depression of electrolyte solutions in
H20, D20 and mixed H20-D20 solvents will be measured over a
broad temperature range using precise modern techniques. The
results will be interpreted using the statistical theory of isotope ef-
fects in condensed phase systems. They should be an aid toward
the more complete understanding of liquid water and of water
solutions.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Tennessee

1.0113, ENVIRONMENTAL RADIATION STUDIES
J.E. NOAKES, Oak Ridge Associated Univs. , Oak Ridge, Tennes-
see 38117 (AT(40-1)-GEN-33)

The Oak Ridge Associated Universities’ environmental
radiation program was initiated in 1964 for the prime purpose of
carrying out geochronology studies on marine sediments in the
Culf of Mexico.

Two analytical methods have been employed for sediment
age measurement. A uranium daughter dating method, which en-
tails the radiometric analysis of Th-230 and Pa-231, is utilized
when dating silicious sediments of ages between 10,000 - 200,000
years. A second radiometric method utilizing radiocarbon mea-
surements is employed for carbonate sediments whose age ranges
are from recent to 40,000 years. Age measurements from both
methods have shown that sedimentation rates for deep water Gulf
sediments to be in the range of a few centimeters/ thousand years.

Current studies being carried out include (1) measurement
of allogenic and authigenic Th-230 and Pa-231 in marine sedi-
ments (2) development of new analytical methods for the analysis
of uranium, thorium, and protactmlum in marine waters and sedi-
ments and (3) improvement in the radiocarbon method of dating
for age measurements in the 40,000 to 57,000 year range.

SUPPORTED BY U.S. Atomic Energy Commission

1.0114, MOLLUSK STUDIES
D.J. NELSON, U.S. Atomic Energy Commission, Oak Ridge Na-
tional Lab. , Oak Ridge, Tennessee (W-7405-ENG-26)

Analyses of additional prehistoric Indian midden mollusk
shells showed the higher strontium concentrations in these shells
may be attributed to higher environmental concentrations of
strontium in river water between 1000 and 2000 years old. It was
hypothesized that this change was due to the imiposition of an
agricultural economy on a forested landscape decreasing levels of
soil carbon dioxide concomitantly increasing the proportion of
rainfall in direct runoff thereby decreasing percolating ground
water. The strontium analyses were accompanied by analyses of
barium, and potassium concentrations were changed but little.
This study showed that the rates of movement of strentium, bari-
um, and manganese in the environment changed within recent
times. These results have implications for the long-term behavior
of 90 Sr in the environment as well as maintenance of the mineral
economy of our terrestrial environment.

SUPPORTED BY U.S. Atomic Energy Commission

1.0115, WATER RESEARCH PROGRAM - SECTION I,
PROPERTIES OF SOLUTIONS
R.J. RARIDON, U.S. Atomic Energy Commission, Oak Ridge
National Lab. , Oak Ridge, Tennessee

The properties of solutions subprogram is intended to pro-
vide basic information on the thermodynamic and transport pro-
perties of aqueous and non-aqueous electrolyte solutions and on
phase equnhbnu"x Thermodynamic measurements are carried
out by various physical-chemical techniques including poten-
tiometry, solubility measurements, distribution coefficient mea-
surements, and vapor-phase cquilibria, with emphasis on proper-
ties of concentrated solutions, multicomponent systems and aque-
ous-organic-electrolyte mixtures; there is special emphasis on
measurement of solubilities of ‘scale-forming' salts (CaS04) as a
function of temperature and in various media. Diffusion coeffi-
cients are measured in concentrated aqueous solutions, water or-
ganic mixtures, gels, and membranes.

1. NATURE OF WATER
SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0116, ENVIRONMENTAL RADIATION STUDIES -

EVALUATION OF FISSION PRODUCT DISTRIBUTION AND
MOVEMENT IN TERRESTRIAL ENVIRONMENTS
T. TAMURA, U.S. Atomic Energy Commission, Qak Ridge Na-

tional Lab. , Dak Ridge, Tennessee (W-7405-ENG-24)

The purpose of this study continued to be the characteriza-
tion of the behavior of critical radionuclides, such as 90Sr, 137Cs,
60Co, 3H, and selected transuranics, in soils, with emphasis on
developing an understanding of observed responses as they relate
to pedologic factors, weathering, and erosional processes. By
establishing fundamental relationships between radionuclide
behavior and soil properties, it should be possible to predict the
behavior of radionuclides on different soil types, to predict the

uptake of radionuclides in plants, and to be able to suggev.t
remedial or countermeasures when needed.

The scope of this study includes: (1) defining the extent and
mode of radionuclide movement off the soil surface by runoff and
erosion and into the soil profile by infiltration using laboratory
tests, small field plots, and well-defined watersheds; (2) defining
causative factors primarily responsible for retention movement
and fixation of critical radionuclides in soils; (3) examining the
role of organic with particular emphasis on the surface horizons;
and (4) developing models which will aid in predicting the
behavior of radionuclides in related soil types. The nuclides will
provide soil reaction information of agricultural and silvicultural

importance and will be valuable for effectively utilizing soils for
peaceful applications of nuclear energy.

Results of laboratory investigations of selective sorption of
cobalt by minerals and soils reveal that hydrous sesquioxides,
which are commonly present in these systems, play an important
role. Minerals which had been around for size fractionation and
then washed with water, salt, acid, or base released different
amounts of components in the extracts, depending on the chemi-
cal solution and mineral species. Cobalt sorption by unground
pure minerals and soil clay minerals was also investigated by satu-
rating exchange sites with either sodium, magnesium, iron, or alu-
minum ions. These studies revealed that iron and aluminum satu-

ration of minerals increased cobalt sorption as compared to
minerals in their natural state.

SUPPORTED BY U.S. Atomic Energy Commission

1.0117, THE BASIC NATURE OF LIQUIDS
H.W. PRENGLE, Univ. of Houston, School of Engincering,
Houston, Texas 77004

The purpose of the program is to investigate experimentally
and mathematically the intermolecular potential field in which a
given molecule moves by making infrared absorption and PVT
measurements on certain liquids and observing the IR-shift

(change in frequency) and configurational energy changes as a
function of volume; pressures from 1 - 10,000 atm are being used.

The problem falls into the category of a ‘many body problem*
and one approach conceptually, ad discussed by Ter Haar, is to

find the self-consistent field in which the molecule moves, and
thereby improve the field potential model.

Preliminary measurements were made in 1963-64 to deter-
mine the feasibility of the method, and the first part of the project

was te construct a research IR-spectrophotomi¢ter with a grating
monochromator to obtain the required resolution.

Presently, construction and calibration of the equipment has
been completed and the first series of measurements following the
C double- bond C (in 2-pentene) stretching frequency-shift in
various liquid atmospheres, and at reduced volumes (by means of
high pressures) are in progress. PVT isotherms, 30-250 degrees

C, up to 1000 atm have been completed and isotherms up to
10,000 atm are in progress.
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1. NATURE OF WATER
SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0118, STUDIES OF CONCENTRATED AQUEOUS ELEC-
TROLYTES AND OF MOLTEN ELECTROLYTES BY IN-
FRARED SPECTROSCOPY
R.E. HESTER, Univ. of York, York, United Kingdom

A program of research is proposed which will provide funda-
mental information on the nature of interionic and ion-solvent
binding forces in aqueous electrolyte solutions and in molten
electrolyte solutions. Primary emphasis is placed on the study of
interactions of simple inorganic anions, including the halides,
sulfate, carbonate, nitrate, phosphate, perchlorate, with a wide
variety of metal ions, and on the role played by water in moderat-
ing these interactions. The techniques of vibrational spectroscopy
will be used to study the changing symmetries of the polyatomic
anions and of the metal complexes formed when inorganic clec-
trolytes are mixed in the molten states and in aqueous solutions.
Studies covering a wide range of temperatures and concentrations
are proposed in order that infrared and Raman intensity measure-
ments may be used to give values for the important ther-
(Todynamic quantities governing the interaction phenomena stu-

ied.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0119, CHEMISTRY OF BRINE STRATIFICATION AND
RELATED EVAPORATION STUDIES
W.P. HEWITT, Univ. of Utah, State Geolog. & Min. Surv. , Salt
Lake City, Utah 84112

Detailed water sampling acrially and in depth on a monthly
basis. Samples analyzed for all common ions.

SUPPORTED BY Utah State Government

1.0120, SPATIAL DISTRIBUTION OF CHEMICAL CON-
STITUENTS IN GROUND WATER

W. BACK, U.S. Dept. of Interior, Water Resources Division,
Arlington, Virginia

One of the topics in geology and hydrology that has been ex-
tensively studied, but that is not well understood, is the solution
and precipitation of carbonate rocks. Many laboratory studies
have been made on the solubility of calcite, some on aragonite,
and few on magnesium-calcium carbonates. Field work related to
this topic has been almost entirely related to the origin of
linestone caverns and the formation of dripstone deposits, No
comprehensive study has been made of ground-water problems,
such as the processes that produce solution channels, their sub-
sequent filling, and the chemistry of the water. A fresh approach
to this question is now feasible through the application of elec-
trochemistry and thermodynamics.

This project is part of a current broad field of study to deter-
mine if exact thermodynamic models can be used to describe the
relationships between minerals and aqueous solutions. Models
can be developed, but certain parameters significant for use of
these models must be measured in the field. If the model can ex-
actly describe the field relation, then a correct cxplanation for the
solutional and precipitational processes and the resultant chemi-
cal characteristics of the water and the chemical and physical
characteristics of the rocks has been obtained.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

1.0121, NITRATE DETERMINATION USING CHROMIUM
(I1) COMPLEXES
J.G. MASON, Virginia Polytechnic Institute, Graduate School,
Blacksburg, Virginia 24061

The determination of nitrate by usual methods is subject to
interferences by nitrite and hydroxylamine and is not readily
adapted to automatic operation. The objectives of the proposed
research are: (1) To develop a rapid, accurate, and selective elec-
trochemical method for the determination of nitrate in water in
the presence of nitrite and hydroxylamine using electrogenerated
Cr(Il) complexes as reducing agents. (2) To explcre the extent to
which such a technique could be automated. (3) Elucidate
aspects of the mechanis- e reduction of nitrate to hydrox-
ylamine to ammonia by omplexes.

SUPPORTED BY U.S. Dept, of Hith.'Ed, & Wel, - P.H.S,

1.0122, ADSORPTION OF ORGANIC COMPOUNDS
ONTO SOLIDS FROM AQUEOUS SOLUTIONS

J.P. WIGHTMAN, Virginia Polytechnic Institute, Graduate
School, Blacksburg, Virginia 24061

The proposed research involves a study of factors effecting
adsorption of organic compounds from aqueous solution. The
compounds sclected for study contain functional groups
representative of water contaminants. Several solids of different
surface energy will be studied.

The surface area, surface constituents, a.d structural ele-
ments of each solid will be established. The measurement of the
amount of organic compound adsorbed and the heat of adsorn-
tion is proposed.

The results should ultimately support a model for solution
adsorption by which predictions concerning the selectivity of ad-
sorgtion of a given compound in water by a given solid could be
made.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Virginia Polytechnic ). stitute

1.0123, DETERMINATION OF BULK DENSITY &
WATER CONTENT OF SOIL THRU MEASUREMENT OF
RADIATION ATTENUATION AT TWO DIFFERENT
GAMMA ENERGIES

W.H. GARDNER, Washington State University, School of
Agriculture, Pullman, Washington 99163 (AT(45-1))

Development of equipment and techniques is proposed for
concurrent mcasurement, using attenuation methods and two
radiation sources of differcnt energy, of soil bulk density and
water content in soil columns in the laboratory and in soil in the
field. Preliminary experimental work and analyses indicate proba-
ble precisions3 (standard deviation) in bulk density measurcment
ranging from 0.003 to 0.006 g/cm. and somewhat better precision
in water content. These values are obtained using radiation
source strengths sufficient to give 106 counts/min. througha 0.1 x
1 cm. collimating slit and empty soil container and for 5 to 10 cm.
soil columns and counting for 1 minute. Further investigation of
gamma source combinations and of collimation and shiclding is
required. Additionally, studies are needed for other factors such
as precision needed in mass attenuation coefficient and soil
column thickness (or access tubing spacing) measurements.
Problems in variation of chemical properties of soil from place to
Elace and their effect on niass attenuation coefficients also must

¢ investigated.

Need for non-destructive concurrent measurements of soil
bulk density and water content exists in a variety of experimental
work both of applied and fundamental nature. A practical
technique would have wide application.

SUPPORTED BY U.S. Atomic Energy Commission

1.0124, CLAY MINERAL STABILITY AND WATER COM-
POSITION
J.A. KITTRICK, Washington State University, Agricultural Ex-
periment Sta. , Pullman, Washington 99163

Objectives and Work Proposed: The broad objective toward
which this project would contribute is a better understanding of
how the relatively small group of minerals that dominate soils and
sediments control and are in turn altered by, the composition of
waters with which they are in contact. The specific aim of this
project is to obtain standard free energy of formation values of
several of these minerals by solubility measurements and to corre-
late these energy values with what is known of mineral occur-
rence and water composition in soils and sediments.

SUPPORTED BY Washington State Government

1.0125, CLAY SLURRY FLOW CHARACTERISTICS
W.C. PARRISH, Washington State University, School of En-
gineering, Pullman, Washington 99163

Friction factors for clay-slurries of different clay contents by
weight have been determined for a 6-inch, schedule 10 welded
steel pipe. The information will be used in a preliminary design of
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pumping requirements for an 18-mile pipeline from the clay mine
to the mill.

Detailed studies of environmental effects on clay slurry flow
characteristics will be carried on using the variable-slope, pump-
pipe test loop which was fabricated by the University for the fric-
tion factor tests.

SUPPORTED BY Washington State University
J. R. Simplot Company

1.0126, HYDROSTATIC HIGH PRESSURE EFFECTS
Y. POCKER, Univ. of Washington, Graduate School, Seattle,
Washington 98122

(i) It is proposed to determine the cnthalpy, entropy and
volume of activation in both H20 and D20 of processes subject
to (a) general- acid, (b) general-base (c) nucleophilic (d) metal-
ion and (e) enzymatic catalysis. The investigation will include,
but will not be limited to chemical and enzymatic catalysis of the
mutarotation of glucose, hydration of pyridine-aldehydes and
hydrolysis of p-nitrophenyl acetate.

(i1) It is also proposed to explore the mechanism of denatura-
tion of enzymes by pressure with particular reference to reversi-
ble denaturation.

SUPPORTED BY U.S. Dept. of Hith, Ed. & Wel. - P.H.S.

1.0127,
FACE
G.H. STEWART, Gonzaga University, School of Engineering,
Spokane, Washington 99202

Investigation of the effect of interfacial surface tension on
the volume, depth, and change in surface area of the indention
caused by the impingement of air on a fluid surface near the onset
of dispersion.

SUPPORTED BY Amer. Chemical Society

IMPINGEMENT OF A FLUID ON A FLUID SUR-

1.0128, DEVELOPMENT OF THE VACUUM FREEZING
VAPOR COMPRESSION PROCESS
R.R. BRIDGE, Colt Industries Incorporated, Beloit, Wisconsin
53511

The vacuum freezing vapor compression (VFVC) process is
based on freezing by flash evaporation with compression of the
vapor and subsequent condensation on ice which has been
cleaned of brine in a counter-washing column. A pilot plant at the
OSW, R & D Test Station, Wrightsville Beach, N.C., has operated
successfully producing potable water at capacities higher than the
original 60,000 gpd design capacity. During FY 1969 the pilot
plant will be operated to improve the performance of the com-
pressor, heat exchangers, and washer. Also, a conceptual design
of a 1 and 5 million gpd plant will be made. In addition a systems
analysis will be conducted on the process components.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0129, VHF PROPAGATION THROUGH FRESH WATER
AND ACROSS THE AIR-WATER INTERFACE
E.M. LONSDALE, Univ. of Wyoming, School of Engineering,
Laramie, Wyoming 82071

We are conducting this research in conjunction with an in-
vestigation of bio-telemetry from fresh-water fish. Miniature
transmitters using pulsed radio-frequency in the 100 mhz range,
have been immersed in naturally-occurring fresh water and the
radiation patterns above water, measured. Relationships between
the depth of penetration and salt content are being investigated.
In addition studies are underway on determining the optimum
polarization for minimum losses at the air-water interface. Usable
signals have been detected from transmitters operating at depths
as great as 60 feet.

SUPPORTED BY University of Wyoming

1.0130, HYDRODYNAMIC PROBLEMS WITH RANDOM

BGUNDARY CONDITIONS
J.W. THOMAS, Univ. of Wyoming, Graduate School, Laramie,
Wyoming 82071

2. WATER CYCLE

At this time a paper has been prepared in which a two-dimen-
sional irrotationa!, steady flow of an incompressible, inviscid
fluid, is treated which assumes boundary conditions that are ran-
dom variables, i.e. functions defined on a probability space. It is
planned to extend this to include such things as three-dimen-
sional, non-stationary viscous flows,

SUPPORTED BY University of Wyoming

2. WATER CYCLE

Gencral Studies; Precipitations; Snow, Ice, and Frost; Evapora-
tion And Transpiration; Streamflow; Groundwater; Water in
Soils; Lakes; Waterand Plants; Erosion and Sedimentation;
Chemical Processes; EstuarineProblems,

2.0001, CHARACTERIZATION OF DYNAMIC PROPER-
TIES AND PHYSICAL CONDITIONS OF SOIL IN RELA-
TION TO TILLAGE AND TRACTION

W.R. GILL, Auburn University, National Tillage Mach. Lab, Au-
burn, Alabama 36830

Object: To determine and measure the static and dynamic
physical properties and conditions of soil which are of importance
in the design and operation of tillage and traction devices and
required for plant growth

Plan of Work: The triaxial shear apparatus provides a means
for applying controlled stresses to volume elements of soil so that
basic dynamic behavior can be measured and correlated with ap-
plied stresses. The mathematical relations between stresses and
soil deformations will contain parameters whose values will de-
pend upon certain physical properties of the soil.. The measure-
ment of soil behavior in various conditions will permit the charac-
terization of soil by means of these parameters. Simple tillage
tools will also be used to apply forces to soil and basic dynamics of
behavior will be correlated with stresses to develop basic behavior
equations that can be used in a soil-machine mechanics.

An environment chamber will be used to provide the means
for controlling environment during the growth of plants. With this
chamber the basic behavior of plant roots in different soils and
conditions will be observed to evaluate the factors limiting plant
root growth. Descriptions of the plant, soil, and environment will
be developed to characterize soil conditions required for tiliage
and plant growth. These descriptions will be used to develop soil-
plant and soil-machine mechanics and to evaluate the effect of til-
lage and traction on soil condition. It is estimated that three
professional man-years per year will be used on this project.

SUPPORTED BY U.S. Dept. of Agriculture

2.0002, CORRELATION OF SOIL SURFACE AND RAIN-
FALL-RUNOFF-MOISTURE RELATIONSHIPS ON
AGRICULTURAL WATERSHEDS ON COASTAL PLAINS
SOILS (ABBREV)

J.G. HENDRICK, Auburn University, School of Agriculture, Au-
burn, Alabama 36830

Objectives: 1. To investigate soil surface characteristics such
as roughness, strength, surface sealing and tilth as a means of
determining infiltration and percolation rates of soils as an aid in
evaluating watershed surface runoff, water yield and groundwater
recharge. 2. Investigate the influence of type and extent of cover
on absorption of water by the soil.

Salient Points: 1. Laboratory studies will be conducted in in-
vestigating relationships between soil strength, bulk density and
infiltration and permeability for bench mark soils. 2. Rainfall
simulator studies will be made to investigate the effect of type and
percentage of cover upon infiltration and runoff rates for bench
mark soils. 3. Knowledge gained in objective 1 and 2 will be util-
ized in field studies to determine if relationships developed are
valid. 4. After determining some reliable measure of soil surface
vs water absorption characteristics, small watersheds will be in-
strumented to measure rainfall-runoff-antecedent moisture-water
table relationships. These instrumented watersheds will be util-
ized in developing techniques to explore water movement into
and through the zone of aeration and into the water table.

1-21




2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Auburn University

2.0003, WATER MOVEMENT CONTROL AND CUL.
TURAL PRACTICES IN COTTON PRODUCTION

J.G. HENDRICK, Auburn University, Agricultural Experiment
Sta. , Auburn, Alabama 36830

1. To investigate methods whereby natural rainfall can be
more efficiently utilized in the semi-humid regions.

2, To determine design criteria for control of erosion and
sediment production through water movement control a:d cul-
tural practices.

3. To develop practices for increased efficiency of soil and
water management practices which are compatible with
mechanized cotton farming systems.

Description of Work Proposed: Study various methods to op-
timize rainfall utilization and provide adequate drainage and ero-
sion control. Investigate such concepts as terraces designed for 4-
row equipment, terraces which can be crossed with modern farm
implements, parallel row alignment with variable row gradients,
modified bedding techniques, methods of increasing plant rooting
depth, and rainfall harvesting.

SUPPORTED BY U.S. Dept. of Agriculture
Alabama State Government

2.0004, HYDRAULIC INVESTIGATION OF SOIL ERO-
SION AND SEDIMENTATION IN HIGHWAY MEDIAN AND
SIDE DITCHES
C.H. PETERSON, Auburn University, School of Engineering, Au-
burn, Alabama 36830

The hydrautic flow characteristics associated with erosion
and sedimentation in lined and unlined highway ditches will be in-
vestigated by constructing prototype test channels on various
slopes in different Alabama soil types. Also, methods to prevent
scouring and silting will be developed.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Alabama State Government

2.0005, EVALUATION OF NEW TECHNIQUES IN ELEC-
TRICAL RESISTIVITY SURVEYING IN THE PIEDMONT
AREA, ALABAMA
J.C. WARMAN, Auburn University, Water Resources Research
Inst. , Auburn, Alabama 36830

This study proposes to cvaluate the use of newly devised sur-
veying techniques and interpretive procedures for electrical re-
sistivity surveys in the Piedmont area of Alabama. It is proposed
to use the newly devised surveying techniques and interpretive
procedures which search for horizontal variations in resistivity at
different depth planes. If proven successful, the use of these
techniques will assist the development of available groundwater
resources and reduce the cost of exploration and development.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Auburn University
Alabama State Government

20006, EVALUATION BY TEST DRILLING OF
GEOPHYSICAL PROSPECTING FOR GROUND WATER IN
THZ PIEDMONT AREA, ALABAMA
J.C. WARMAN, Auburn University, Water Resources Research
Inst, , Auburn, Alabama 36830

This study proposes to evaluate by test drilling the results of
research completed June 30, 1966, under OWRR Project B-003-
ALA, * Geophysical Prospecting for Ground Water in the Pied-
mont Area, Alabama.' Included will be construction of test wells
in 10 of the 25 prospective areas identified in Project B-003-
ALA, completion of pumping tests on 6 of the wells, and analysis
of the non-biological chemical constituents in the ground water. It
is impossible to evaluate geophysical interpretations without test
drilling. A more complete evaluation might include construction
of test wells at each of the 25 prospective areas; however, we be-

lieve that drilling 40 per cent of the prospective areas and incor-
porating this data with records available from 6 water wells and
core holes in the project area will allow . reliable evaluation and
will avoid unnecessary expense. Drill cuttings, well construction
records, and test pumping data will be made a part of the per-
manent files of the Geological Survey of Alabama and thus be
available for other studies. If proven successful, the use of
geophysical techniques in the Piedmont area will enable more

complete development of avail.ble ground water resources and
reduce the cost of exploration and development.

SUPPORTED BY U.S. Dept. of Interior - O, Water Res. Rch
Auburn University
Alabama State Government
Hefline City Government - Alabama

2.0007, DEVELOPMENT OF CRITERIA FOR TILLAGE

MACHINERY THAT WILL REDUCE SOIL EROSION AND
RUNOFF
A.W.COOPER, U.S. Dept. of Agriculture, Auburn, Alabama

Object: To obtain engineering information useful in the

development of new and improved equipment and machinery for
soil and crop management.

Plan of Work: Field and laboratory experiments will be con-
ducted to determine the effect different tillage machinery and
practices have on seedbeds. Inputs of time, labor and power for
various tillage systems will be determined and used in rating these
systems. Attention will be given to methods and instruments for
measuring soil surface roughness; and the relationship between
roughness and surface water retention will be ascertained.
Criteria for equipment needed for various soil and water conserv-
ing practices will be developed. Models will be used to predict the
forces acting upon tools being operated in the soil, the behavior of
the soil, and the effects of the operating tools on the soil. The stu-

dies will include work on cultivating machinery as well as primary
tillage machinery.

SUPPORTED BY U.S. Dept. of Agriculture

2.0008, AQUIFER PERFORMANCE TESTS UNDER TWO

PHASE FLOW CONDITIONS :
H.R. HENRY, Univ. of Alabama, Water Resources Program,

University, Alabama 35486

This is a project with two parts. The first part is a laboratory
model constructed and developed to study the effects of two
phase flow conditions. The second part is a test phase conducted
on a water-well field under actual field conditions. The laboratory
studies of part | will consist of fundamental studies placed in the
framework of aquifer dynamics under two-phase conditions. The
principal group of experiments will consist of air entrainment stu-
dies in well aquifer system by blocking of flow channels by en-
trained air during intermittent operation. The problem is particu-
larly severe in the recharge case. The laboratory set-up will con-
sist of a model of a portion of an aquifer. The laboratory model
will be operated to cause air entrainment in a manner to cor-
respond to field operation. Flow rates, pressures in the well and
aquifer and velocities by tracer movement wil! be measured to

determine the change in a%parent characteristics of the well and
aquifer when air is entrained.

The field study of part 2 will consist of checking the results of
part 1 under actual field conditions by conducting aquifer per-
formance test on wells drilled and developed in an aquifer under-
lying the campus of the University of Alabama. Twelve wells of
different depths and diameters will be drilled and developed in an
aquifer whose geology and hydrology are known. The wells will
be located in an array which will fully penetrate the aquifer and

cover the extent of the well field. Field and laboratory tests will be
correlated.
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SUPPORTED BY U.,S. Dept. of Interior - O, Water Res. Rch
University »f Alabama
Auburn University
Alabama State Government

2.0009, THE DEVELOPMENT OF GEOCHEMICAL AND
GEOPHYSICAL TECHNIQUES AS AN AID TO DETERMIN-
ING AVAILABILITY OF GROUND WATER IN LIMESTONE
TERRANES

P.E. LAMOREAUX, Univ, of Alabama, Graduate School, Univer-
sity, Alabama 35486

This study is on the effectiveness of geochemical and
geophysical techniques in determining the location, quantity, and
quality of ground water in massive limestone beds. These
limestone beds are the principal source of water for most uses in
the Tennessee Valley. Ground water occurs in solutionally en-
larged openings along bedding and joint plancs of the limestone,
Industrial expansion and the resulting increase in population and
water use indicate the need for more effective methods to deter-
mine the occurence and availability of water in a limestcne ter-
rane.

Previous studies indicate that the location and alignment of
large-capacity wells and springs in this area are related to factors
of geochemistry, topography, geologic structure, stratigraphy,
and the thickness of the unconcolidated material overlying the
limestone bedrock.

The proposed study will apply geochemical techniques to
determine: zones of high permeability and their alignment in the
limestone terrane, relation of quality of water to geologic struc-
ture, recharge and discharge areas, character and thickness of soil
layer, proximity to principal water-bearing solution and fracture
systems, periods in water year, and surface-water flow patterns.
The geophysical studies will determine the position of the water
table and the thickness and type of unconsolidated material over-
lying the bedrock, the location, alignment, and development of
sinkholes, and delineation of potential zones of high permeability
in the bedrock. Preliminary investigations indicate that soil
thickness and type have a greater bearing on the quantitative
aspect and approach to ground-water studies in limestone ter-
ranes than formerly realized; therefore, detailed studies of this
aspect of the project area include drilling for control purposes.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Alabama
Alabama State Government
Auburn University

2,0010, GLACIAL MELT YsATER PREDICTION
W.E. LONG, Alaska Methodist University, Undergraduate
School, Anchorage, Alaska 99504

A mass balance of a small glacier will be made to determine

_its sensitivity to climactic and weather changes. The prime pur-

pose of the investigation is to determine the water production
characteristics of glaciers. Project to begin in fiscal 1968 and ter-
minate in fiscal 1969.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Alaska Methodist University

2.0011, GEOHYDROLOGY OF THE ANCHORAGE AREA,
ALASKA

W.W. BARNWELL, U.S. Dept. of Interior, Water Resources Divi-
sion, Anchorage, Alaska

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with State and local agencies in Alaska.

Purpose - To assemble and integrate the facts about the
Greater Anchorage hydrologic systems which will be used by city
and borough planners for designing an orderly development of
the water resources.

Methods - Approximately 4 years of records from 30 stream
and lake gages will be obtained. Seasonal and yearly runoff from
major streams from the Eklutna River on the north io Twenty
Mile River on the south will be evaluated. Samples of ground
water and surface water will be collected for chemical analysis to
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identify changes in chemical quality which result from use of the
water resources, Several thousand feet of test drilling, borehole
and areal geophysical techniques, and a study of surface and sub-
surface geolo%y will be used to define geologic boundaries of
ground water basins. Test pumping and infiltration studies will be
used to determine the hydrologic properties of the aquifers. Dyes
or other tracers will be used to determine the direction and
velocity of ground-water movement,

SUPPORTED BY U.S. Dept, of Interior - Geological Survey
Alaska State Government

2.0012, WATER RESOURCES OF THE KENAI PENINSU-
LA BOROUGH AREA, ALASKA

S.H, JONES, U.S, Dept. of Interior, Water Resources Division,
Archorage, Alaska

This research is part of the program of water resources in-
vestiga .ions conducted by the U. S. Geological Survey in coopera-
tion with State and local agencies in Alaska.

Purpose: To provide facts concerning the water resources of
the Kenai Peninsula Borough for planners to use in designing
procedures for orderly development of the water resources.

Methods; Stream and lake gages will be installed to evaluate
seasonal and yearly runoff from major streams, Surface and sub-
surface flow of water into and out of the area and changes in
chemical quality of water resulting from water use in the area will
be defined. Sediment discharge of the streams will be determined,
The geologic boundaries of the ground-water basin will be
defined, and aquifers identified by a study of surface and subsur-
face geology.

SUPPORTED BY + U.S. Dept, of Interior - Geological Survey
Alaska State Government

2.0013, SCOUR AT BRIDGE CROSSINGS IN ALASKA
L.S. LEVEEN, U.S. Dept. of Interior, Geological Survey,
Anchorage, Alaska

This research is part of the program of water resources in-
vestigations conducted by the U. S, Geological Survey in coopera-
tion with the State of Alaska,

Only meager information is available on scour of alluvial
channels a® constrictions and no generally accepted method of
predicting depth of scour is presently avai{able. The objective of
this project is to develop general relationships between observed
depth of scour and measurements of the associated hydraulic and
sediment transport variables at selected bridge crossing in Alaska.

The project is designed to obtain detailed information on the
cross sectional and longitudinal profile of the streambed utilizing
echo sounders from a boat; and to provide measurements of
hydraulic and transport variables such as the vertical velocity and
sediment distributions, stage-discharge and depth-discharge rzla-
tionships and particle size of suspended sediment and bed materi-
al. The results of this investigation will complement laboratory ex-
periments and aid in understanding the mechanics of scour
around bridge piers and abutments.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Alaska State Government

2.0014, WATER RESOURCES OF THE GREATER JU-
NEAU BOROUGH, ALASKA

J.A. MCCONAGHY, U.S. Dept. of Intericr, Water Resources
Division, Anchorage, Alaska

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with State and local agencies in Alaska.

Purpose - To describe the hydroiogic system in the Greater
Juneau Borough so that city and borough planners can design
procedures for orderly development of water resources.

Methods - An inventory will be made of selected wells and an
observation well network wili be established to observe water
level changes. The bedrock-surficial deposits contact will be
mapped and test holes will be drilled in the surficial deposits.
Geophysical techniques will be used in the examination of wells
and test holes. Pump tests will be performed using wells in the sur-
ficial deposits aquifer.




2. WATER CYCLE

Low flow in streams will be determined and a network of
eleven gaging stations will be maintained. Sediment load of
selected streams will be correlated with discharge. Samples will
be selected for chemical analysis,

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Alaska State Government

2.0015, COASTAL AND INSHORE OCEANOGRAPHY
H.E. BRUCE, U.S, Dept. of Interior, Biological Laboratory, Auke
Bay, Alaska

This project is a comprehensive study of the chemical,
biological, and physical oceanography of selected estuarine en-
vironments in Southeast Alaska,

The objectives are to describe the general physical, chemical,
and biological oceanographic conditions of the inside waters of
Southeast Alaska and the seasonal and annual variations in these
conditions. The oceanographic work is done in conjunction with
other investigations of the Auke Bay Laboratory (Marine Biologi-
cal Investigations and Shellfish Invzstigations) and with the
Federal Water Pollution Control Admiaistration and the Univer-
sity of Alaska, The combined effort by the above groups resulted
in detailed ‘ecosystem studies* of selected areas.

The oceanographic studies are broken down into physical
and descriptive oceanography and chemical and biological
oceanography which results in an over-all comprehensive pro-
gram in oceanography. Biological oceanography includes studies
in phytoplankton ecology, taxonomy, primary and secondary
productivity, and energy transfer’ from the primary producers
through the primary herbivores. Also included are studies on dis-
solved and particulate organic materials and their relations to pri-
mary and secondary trophic levels and to benthic organisms.

SUPPORTED BY U.S. Dept. of Interior ~ Bu. Comm. Fish.

2.0016, BRISTOL BAY ESTUARINE ECOLOGY
CJ. DICOSTANZO, U.S. Dept. of Interior, Biological Laborato-
ry, Auke Bay, Alaska

During the past few years intensive work has been done on
the freshwater and the high seas phases of the life history of the
sockeye salmon. Recent work has indicated that the ocean sur-
vivai rates may not be nearly as constant as formerly thought and
that estuarine conditions strongly influence these rates. Thus it
seems necessary to supplement the freshwater and oceanic stu-
dies with investigations into the ecology of the sockeye salmon in
estuarine areas.

The carly phase of this study wiil be largely exploratory in na-
ture. The objectives are: 1. To delineate the water masses within
the Bristol Bay area and determine the physical and chemical fea-
tures of the estuarine and adjacent coastal waters. 2. To deter-
mine the pattern of movement and distribution of smolts from the
parent river into the estuary and ocean waters. 3. To determine
the growth and survival of smolts as they pass through this transi-
tional phase of their life cycle.

The first full season of study will utilize aircraft and radiome-
ter to delineate water masses in Bristol Bay.

More specific oceanographic studies will be conducted from
a surface vessel. It is expected that much time will be spent in as-
sembling gear and developing standard stations and technique.
Sampling of juverile salmon will be accomplished with various
kinds of gear, including tow net, trawls, seins, and gill nets.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

2.0017, ESTUARINE STUDIES OF SOUTHEASTERN
ALASKA
J.B. KIRKWOOD, U.S. Dept. of Interior, Biological Laboratory,
Auke Bay, Alaska

One of the aims of the Auke Bay Biological Laboratory is to
accumulate detailed descriptive information on environmental
characteristics of several estuarine environments within the inside
waters of Southeastern Alaska, and to explain ecological reasons
for some of the observed differences between environments. The
ecological differences are undoubtedly responsible for the annual
fluctuations and distributions and abundances of commercially
valuable fish and shellfish species.

It is apparent that descriptive knowledge of local populations
and their environments are not sufficient in themselves to provide
a clear concept of basic ecological and biological principles con-
trolling an ecosystem however, such knowledge is a prerequisite
to planning and conducting more detailed and intensive studies of
discrete ecological and biological problems,

A cooperative study was initiated in April 1967 that will in-
volve Oceanography Investigations, Marine Biological Investiga-
tions, Shellfish Investigations of the Auke Bay Biological Labora-
tory, and outside agencies such as Federal Water Pollution Con-
trol Administration and the Institute of Marine Sciences, Univer-
sity of Alaska,

Each group submits a separate description of its proposed
participation in the cooperative estuarine study. The shellfish in-
vestigations study involves the following objectives: (1) To deter-
mine species composition and relative al.undance of pelagic and
benthic invertebrates, (2) To determine the relationship between
species composition, distribution, abundance, and the environ-
ment.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm., Fish.

2.0018, A STUDY OF THE FREEZING CYCLE IN AN
ALASKAN STREAM
C.S. BENSON, Univ, of Alaska, Geophysical Institute, College,
Alaska 99735

The research which will be assisted by the equipment and lo-
gistics provided is in the area of stream icing. The physical pro-
perties of the stream ice and its overlying and adjacent snow
cover will be studied both in the field and laboratory. The equip-
ment is for obtaining, storing and experimenting with samples of
the snow and ice. The equipment and logistics mainly provide for
winter sampling.

SUPPORTED BY USS. Dept. of Interior - O. Water Res. Rch
University of Alaska

2.0019, CLAY-INORGANIC AND ORGANIC-INORGANIC
ASSCOCIATIONS IN AQUATIC ENVIRONMENTS

D.W. HOOD, Univ. of Alaska, Inst. of Marine Scicnces, College,
Alaska 99735 (AT(04-3)-310-3)

The overall objective of this year’s proposed research is to
further our understanding of the chemical processes that accom-
pany passage of sediment systems from glaciers to form marine
sediments and the ancillary chemical effects of such processes on
the local oceanographic environments. As in the past, the prime
emphasis will be on the trace metal associations both in organic
and inorganic processes. This years emphasis is on studies of the
trace metial exchange equilibrium between the various size frac-
tions of the suspended minerals and the water. The effect of or-
ganic material on this exchange will also be investigated. Analysis
will be made by neutron activiation techniques. In addition, con-
certed effort is being made to fractionate the organic matter
ﬁrcviously found to contain significant quantities of Cu and Zn.

everse osmosis and sephedex techniques are being employed.

Mineralogical data for both suspended and deposited sedi-
ments are complete for Taku estuary and is in press in Marine
Geology. No evidence for major diagenetic changes in the
minerals was observed in the estuary. The exchangeable cations
on suspended sediments after contact with sea wate show mar-
kedly different composition. The significance of this to floccula-
tion processes is under study. Organic association with copper in
an extractable form has been found and reported in ‘Nature'.
Other associations with a non dialyzable fraction have been found
and are now being characterized.

SUPPORTED BY U.S. Atomir Energy Commission

2.0020, DISTRIBUTION OF DISSOLVED IONS IN
ALASKAN WATERS
C.M. HOSKIN, Univ. of Alaska, Graduate School, College, Alaska
99735

Water, in the form of ice, meltwater streams and lakes, and
sediment are closely related in the valley glaciers of southeastern
Alaska. As these glaciers flow down their valleys, new sediment
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particles are produced by grinding of the valley bedrock into
gravel sand and mud. During the grinding process, some of the
rock is dissolved and possibly mud particles contribute rmost
because of their small size and consequent potentially great
chemical reactivity, This project will investigate the water and
sediment of Alaskan valley glaciers, attempting to learn about the
relationships between; (1) the kind of rock being ground up
(igneous, sedimentary, metamorphic) and the disscived susb-
stances released into the meltwater from each kind of rock, and
(2) the kin: " of rock being ground up and the resultant particles
sizes produced. Certain dissolved substances and the resultant
particles sizes produced. Certain dissolved substances as iron, cal-
cium and magnesium and large amounts of suspended sediment
can restrict the use of water and thus it is hoped that the data ob-
tained from this research will aid in the evaluaticn of glacial melt-
water usage,

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Alaska

2,0021, THE EFFECTIVENESS GF CONTACT FILTER
FOR THE REMOVAL OF IRON FROM GROUND WATER

W. KIM, Univ. of Alaska, Inst, of Water Resources Res. , College,
Alaska 99735

The objective of the proposed study is to explore the applica-
bility of the contact filter in the removal of iron from ground
water. A contact filter process developed by Minz in Russia con-
sists of a deep sand bed (six feet) through wlich coagulated
suspensi~n is passed in upward direction. Theoretically this
process should perform better than conventional sand filter due
to the decreasing grai‘i size of filter media in the direction of flow,
and due to the greater depth effective in the filtration. Iron
removal from ground water requires the oxidation of ferrous iron,
and flocculation and separation of ferric precipitate. The contact
filter may promote not only flocculation and separation steps but
also the oxidation of ferric i ion due to the intimate contact of iron-
coated filter media with the incoming water.

The relative effectiveness of the contact filter and conven-
tional sand filters, the optimum media characteristics will be
determined by running pilot filter tests under coatrolled condi-
tions.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Alaska

2.0022, THE EFFECTSY OF EXTREME FLOODS AND
PLACER MINING ON THE BASIC PRODUCTIVITY OF SU-
BARCTIC STREAMS
JE. MORROW, Univ. of Alaska, Graduate School, College,
Alasia 99735

Disastrous floods in early August, 1967, wiped out the bot-
tom fauna of Faith and McManus Creeks near Fairbanks. As late
as September 5, 1967, (last date of sampling) there was no sign of
recovery. The bottom of these creeks will be sampled at selected
stations and intervals to determine the rate of recovery and rela-
tive composition of the bottom fauna. Recovery and composition
will be related, if possible, to substrate, basic productivity,
meteorology and presence or absence of placer mining activity.

Bottom sampling will be done with a Surber sampler and
graded screens, productivity will be measured by the Cl4
technique. Sampling patterns and frequency will be established by
appropriate statistical methods.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Alaska

2.0023, FOREST AND BOG OF SOUTH COASTAL
ALASKA - INTRATYPE VARIATION AND ASSOCIATED
HABITAT FEATURES
B.J. NEILAND, Univ. of Alaska, Graduate School, College,
Alaska 99735

This pro_|ect is a continuation of i mvestlgatlons of south costal
Alaska vegetation that were begun in 1962. Part of the earlier
project included intensive analyses of stands of forest and stands
of bog in widely scattered localities in southeastern Alaska.
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Phytosociological ordinations were developed for the stands of
each vegetation type; various attributes of individual species
behavor, behavior of groups of species of known or suspected in-
dicator value, the few enviornmentals measures that had been in-
cluded, etc, were plotted against these ordinations; and
hypotheses were developed as to the major factors with which
these vegetation varies.

The major purposes of the present work are to ascertain the
validity of the proposed hypotheses, to attempt to find the factors
of importance in the patterns if the hypotheses are not correct,
and to obtain further phytosocickical information to refine the
original ordinations. Investigations are being made of (1) for
forest: drainage patterns, possible sources of soil water, soil
profiles, pH, and various nutrient elements; and (2) for bogs:
height of the water and sulfide layers, erosion features and
drainage patterns, sources of surface water, upper peat profiles,
and various chemical and physical characteristic of bog waters
and peat,

SUPPORTED BY U.S. National Science Foundaticn

2.0024, SOIL HEAT TRANSFER - PERMAFROST AND
FROST PENETRATION
H.R. PEYTON, Univ. of Alaska, School of Engineering, College,
Alaska 99735

The results of this work will provide engineers “vith specific
methods of solution for some of the soil heat transfer problems
which must be solved for effective utilization of the northlands.
These methods will incorporate two aspects; (1) useful methods
for the determination of thermal properties of soils, and (2) com-
puter techmcwes permitting solution to problems too complex for
standard mathematical model methods.

SUPPORTED BY U.S. Dept. of Hith. Ed. & Wel. - P.H.S.

2.0025, PREVENTION AND CONTROL OF CULVERTS
AND ROAD ICINGS
UNKNOWN, U.S. Army, Cold Reg. Res. & Engin. Lab. , Fort
Greely, Alaska
Objective: To develop criteria and techniques for the preven-
tion and control of icing in culverts and on roads by means of
proper location, protective devices or heating arrangements.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Alaska State Government

2.0026, RESTORATION AND REHABILITATION OF
EARTHQUAKE DAMAGED PINK AND CHUM SALMON
STUDIES IN PRINCE WILLIAM SOUND

P.S. ROYS, State Dept. of Fish & Game, Juneau, Alast:a

Major Overall Objectives: (1) Restoration of carthquake
destroyed pink and chum runs in Prince William Sound, (2)
Rehabilitation of spawning arcas where production has been seri-
ously curtailed.

Initial Objectives: (1) Biological and Engineering studies on
12 major streams in the subsided zone and 43 major streams in
the uplifted zone. (2) Monitor streams to which restorative mea-
sures were applied during June 1067,

Procedures: (1) Engineering studies of pric - y streams to
determine drainage area; maximum-minimum volumes of flow;
flow velocities; bottom composition; bed load; contours; profiles;
Cross- sectlom, silt content; and rate of erosion followed by topo-
graphic mapping of study sections. (2) Biological studies of pri-
ority streams to determine spawning areas utilized by brood dis-
tribution within predetermined zones; measurements of spawning
areas utilized; lost and gained; sex ratios; egg retention; scale sam-
ples; temperature; pH; subsequent egg deposition; and sequential
fry production,

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Alaska State Government

2.0027, CONTROL OF EROSION AND SEDIMENTATION
ASSOCIATED BUILDING AND LOGGING
A.E. HELMERS, U.S. Dept. of Agriculture, Juneau, Alaska
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Object: To determine factors related to erosion and mass soil
movement; to develop measures to minimize soil movement angl
to rehabilitate damaged watersheds; and to determine the effects

of logging and other land uses on salmon spawning streams and
how to effect improvements,

Plan of Work: Pre-logging and post-logging relationships will
be developed on experimental watersheds to study post-logging
behavior. Variables to be investigated are a (1) flow charac-
teristics of southeast Alaska streams, (2) stream channel
character as affected by log jams and high flows, and (3) water
quality in terms of stream temperature and quantity of organic
and inorganic suspended sediment. Erosion causes and sources
will be studied. :

SUPPORTED BY U.S. Dept. of Agriculture

2.0028, TOPOGRAPHIC INFLUENCES ON PRECIPITA-

TION
T.R. CANTINE, U.S. Dept. of Interior, Alaska Power Admin. , Ju-

neau, Alaska 99801

The study was initially undertaken to definc precipitation in-
tensities representative of higher elevations in Southeast Alaska
for design storm studies. The local concentration of sea level cli-
mate stutions and streamgages, together with nearby research
programs of the Northern Forest Experiment Station, created an
opportunity to examine area-wide variations in precipitation with
a relatively small expansion in the data collection program. The
program is still in the exploratory stages, but there are good indi-
cations that study results will be useful in estimating precipitation
i}:ltenksities and runoff for ungaged areas throughout Southeast

aska.

SUPPORTED BY U.S. Dept. of Interior - Alaska Power Adm.,

2.0029, CLIMATE RELATED TO PLANT RESPONSE IN
THE MATANUSKA VALLEY
C.l. BRANTON, Univ. of Alaska, Agricultural Experiment Sta. ,
Palmer, Alaska 99645

To cellect, collate, analyze, and interpret climatic parame-
ters related to plant response in Alaska’s Matanuska Valley, with

particular reference to net solar radiation received, moisture
cvaporation rates, and soil temperature.

Description of Work: The following meteorological series
will be continued: (1) Maximum and minimum air-temperatures
(2) Precipitation (rain and snowfall) (3) Gross radiation (pyr-
heliometer) (4) Net pan cvaporation (5) Continuous wind
velocity and direction (6) Evaporation and transpiration losses.
(7) Humidity (wet and dry bulb temperatures). The following
new series will be initiated in 1961: (1) Soil tempe 2atures under
various ground covers (2) Net radiation (Beckman & Whitley
radiometer) (3) Net evaporation (from free water surface and
Bellanci plates).

SUPPORTZD BY U.S. Dept. of Agriculture
Alaska State Government

2.0030, RESPONSE OF ALASKA'S ADAPTEU TROPS TO
SUPPLEMENTAL WATER
C.I. BRANTON, Univ. of Alaska, Agricultural Experiment Sta. ,
Palmer, Alaska 99645
To develop more precise information about the response to
supplemental water of crops adapted to Alaska including, but not
limited to, interactions between silt mantle thickness and fertility
levels, definition of and interaction with other associated environ-
mental parameters, estimates of irrigation input costs and proba-
ble returns, and evaluation of alternate irrigation water sources.
The study will continue over a fairly broad front, and will be

conducted over a sufficient number of years to supply estimates
of seasonaf variability.
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SUPPORTED BY U.S. Dept. of Agriculture
Alaska State Government

2.0031, FACTORS AFFECTING THE QUALITY OF
ARIZONA MELONS

W.D, PEW, Univ. of Arizona, Agricultural Experiment Sta, ,
Mesn, Arizona

Nutritional requirements: Nitrogen, chemical tissue tests
(nitrate content of leaves and petioles) from plants grown on a
wide range of available soil nitrogen are examined in relation to
yields.

Irrigation requirements: Irrigation schedules based on Ir-
rometer readingg are applied to create plots of varying moisture
levels and interactions between me'sture levels and stage of plant
development, yield, quality, etc. will be measured in relation to ir-
rigation patterns.

Diseases: Observational notes relative to crown blight - a dis-
ease the cause or cure of which is unresolved - are taken in the
course of other specific tests to provide data for the crown blight
problem,

SUPPORTED BY U.S. Dept. of Agriculture
Arizona State Government

2.0032, LETTUCE PHYSIOLOGY
W.D, PEW, Univ. of Arizona, Agricultural Experiment Sta. ,
Mesa, Arizona

To gain additional information relating to the physiology and
environmental factors influencing growth behavior of lettuce in
order to develop cultural measures that will improve production
and quality. Among these factors are: planting data in reation to
fall temperatures, irrigation levels and frequencies, fertilization
rates, methods, and kinds of materials, previous cropping history,
and cropping systems and the use of anirnal manures. Each of
these is to be studied so as to give growth conditions that will
result in less loss from premature seeding, larger percentage of
solid heads of the desirable sizes, earlier maturity for earlier ship-
ments in the fall and later shipments in the spring.

Description of Work: Irrigation levels: Varying levels of soil
moisture based on Irrometer readings are maintained and in‘erac-
tions between soil moisture level, and sand stage of plant develop-
ment are created. Effects of yield, quality and maturity are ob-
tained from the test plots.

SUPPORTED BY U.S. Dept. of Agriculture
Arizona State Government

2.0033, SOIL WATER MOVEMENT IN RELATION TO
THE CONSERVATION OF WATER SUPPLIES
L.E. MYERS, U.S, Dept. of Agriculture, Phoenix, Arizona

Objective: To determine significance of physical and chemi-
cal processes associated with liquid and vapor-phase movement
of water in soil as related to water loss from soil and to develop
and test means for reducing such loss.

Plan of Work: Conduct theoretical and experimental studies
of water movement through soils and of the physical and chemical
status of water in soils. Utilize analog and digital computers to
solve one and two dimensional water flow problems related to in-
filtration and evaporation. Study chemical means of controlling
water movement,

SUPPORTED BY U.S. Dept. of Agriculture

2.0034, SUPPRESSION OF EVAPORATION FROM
WATER SURFACES . ,
L.E. MYERS, U.S. Dept. of Agriculture, Phoenix, Arizona

Objective: Develop and evaluate principles, methods, and
materials for reducing evaporation from water surfaces.

Pian of Work: Conduct laboratory and field studies of chemi-
cal films, reflective materials, and mechunical barriers. Measure
temperature gradients, radiation, wind velocity and related fac-
tors. Calculate energy balances, determine processes involved
and effectiveness of treatment. Determine influence of destruc-
tive forces, such as weathering and wind damage. Utilize labora-
tory and field data to develop practical methods for evaporation
suppression. :
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SUPPORTED BY U.S. Dept. of Agriculture

2.0035, FACTORS GOVERNING EVAPGTRANSPIRATION
OF WATER FROM CROPPED FIELDS
L.E.MYERS, U.S. Dept. of Agriculture, Phoenix, Arizona

Objective: Teo determine physical processes invclved in water
transfer from the soi! to plant roots through the plant to the at-
mosphere, and determine the influence of environmental factors
on water absorption and transfer through soil-plant-atmosphere
systems with the vlimate goal of controlling transpiration for
water conservation.

Plan of Work: Transpiration and factors affecting it will be
studied in a controlled environment chamber and under natural
field conditions. Environment chamber will be used to study ab-
sorption and transpiration under different conditions of radiation,
temperature and humidity. Evaporation and transpiration under
ratural conditions will be studied using precision weighing lysime-
ters, radioactive moisture meters and other pertinent tools.

W equals per foct of the midship section (lbs/ft); L equals
length (ft).

SUPPORTED BY U.S. Dept. of Agriculture

2.0036, EVAPOTRANSPIRATION THEORY AND
MANAGEMENT

O.E. LEPPANEN, U.S. Dept. of Interior, Water Resources Divi-
sion, Phoenix, Arizona

The objective of this project is to study the physical processes
involved in evapotranspiration and to develop techniques and
equipment for measuring evapotranspiration.

Existing and suggested designs for thermal spectrum
radiometers will be evaluated. New instruiments will be designed if
considered advisable. Uncomplicated thermai metric methods in-
volving harmonic analysis will be studied in order to determine
simplified methods o measuring conducted heat flow to and from
soils. Metabolic processes of vegetaticn will be examined from a
thermodynamic point of view to determine the effects of metabol-
ism upon the energy budget of vegetated surfaces. A practical ap-
plication of the principles of thermodynamics in describing the
movement of water in the vapor phase within soils will be studied.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0037, ELECTRICAL ANALOG MODELS OF
HYDROLOGIC SYSTEMS

E.P. PATTEN, U.S. Dept. of Interior, Water Resources Division,
Phoenix, Arizona

This is a continuing activity that is now progressing along two
broad fronts: electric modeling of ground and surface-water
systems, and hydraulic modeling of idealized ground water flow
systems.

The electric analogs are problem oriented projects whose
design incorporates the pertinent regional controls of a particular
hydrologic environment. Direct simulation of the hydrologic
system is achieved through the use of resistor-capacitor networks
and operational amplifiers programmed according to a concep-
tual model of the system.

Hydraulic models are developed according to need:c for
better uriderstanding of flow and mass-transport phenomena, aind
for verification of theoretical expressions by hydraulic experi-
ments.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0038, SYSTEMATIC AND BIOGEQGRAPHIC STUDIES
OF AQUATIC AND SEMI-AQUATIC ORGANISMS IN
NORTHERN MEXICO ¢
W.L. MINCKLEY, Arizona State University, Graduate School,
Tempe, Arizona 85281 : :
Abstract.--Aquatic ard semi-aquatic habitats of the basin of
Cuatro Cienegas, central Coahuila, Mexico, comprise one of the
most unique biological areas of North America. Geographic posi-
tion, and a rich, though scarcely studied, endemic fauna of mol-
lusks, crustaceans, fishes, and reptiles, the only groups studied to
date, make- the basin especially suitable for systematic and
biogeographic research. Modifications of some habitats by man
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have influenced the biota through desiccation of certain areas and
by conrection of some formerly-disjunct drainage systems
through canals. Sampling to continue present studies, expansion
of research on the known biota through collection of ecologic and
distributional data, new work on certain groups (aquatic plants,
inollusks, crustaceans, and insects), securing of materials for
laboratory analyses, definition of natural areas for preservation,
and plans for publication of results, are outlined. Assurances of
local support, cooperation and interest by individuals and agen-
cies in the United States and in Mexico, accessibility, and the
availability of local facilities all favor success of such a project.

SUPPORTED BY U.S. National Science Foundation

2.0039, RESPONSE OF CITRUS TREES TO SOIL
MOISTURE

R.H. HILGEMAN, Univ. of Arizona, Agricultural Experiment
Sta. , Tempe, Arizona

(1) Determine the effect of soil moisture upon tree growth
and condition, fruit yield, size and quality; determine the most
economical use of water; study factors associated with different
levels of soil moisture which infiuence tree condition. (2) Deter-
mine the effect of moisture stresses in the fall upon freit produc-
tion and quality. (3) Determine the amount of water depletion
from the root zone which is caused by evaporation and percola-
tion to lower depths.

Descripticn of work: Tensiometers have been used to
establish soil moisture differentials. Yield and quality data has
been obtained on fruit from trees subjected to different soil
moisture tensions. Transpiration and leaf moisture deficit data are
being correlated with soil moisture tensions and tree growth and
vield, etc.

SUPPORTED BY U.S. Dept. of Agriculture
Arizona State Government

2.0040, PRECIPITATION PATTERNS ON RANGELAND
WATERSHEDS IN THE SOUTHWEST
R.B. HICKOK, U.S. Dept. of Agriculture, Tucson, Arizona
Objectives: Improved prediction of precipitation parameters
affecting runoff and sediment production.
Plan of Work: Estabiish precipitation time-depth, areal dis-
tribution, storm sequence, and fall-direction expectancy relations
to general and local climatic influences.

SUPPCRTED BY U.S. Dept. of Agriculture

2.0041, SEDIMENT YIELD FROM RANGELAND -

WATERSHEDS IN THE SOUTHWEST
R.B. HICKCK, U.S. Dept. of Agriculture, Tucson, Arizona

Objective: Develop methods for predicting sediment
amounts, types, and delivery characteristics from agricultural
watersheds of varying sizes, physiography, land-use and manage-
ment,

Plan of Work: Establish factors governing amounts and types
of sediments produced and their transport. Determine sediment
loads in streams and deposited in reservoirs, relating these to rain-
fall, runoff, topography, geclor . soils, land use, and cultural
practices. Identify and evaluaw. :uicduction of various types of
sediment source areas, and determ¢+ and characterize sediment
delivery processes to derive improved equations for estimating
sediment yields.

SUPPORTED BY U.S. Dept. of Agriculture

2.0042, GILA RIVER PHREATOPHYTE PROJECT
R.C. CULLER, U.S. Dept. of Interior, Water Resources Division,
Tucson, Arizona

Objectives: 1. To evaluate water salvage by phreatophyte
control ‘on a flood plain typical of the areas of existing and
proposed application. 2. To describe the hydrologic and ecologic
variables for the purpose of extrapolation of observed data to
other locations.

Plan of Work: A water budget is being used to measure the
cvapotranspiration from a |6-mile reach, containing 9,000 acres
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of phreatophytes, of the Gila River Flood Plain on the San
Carolos Indian Reservation, Arizona. This reach has been divided
into three subreaches for comparative evaluation. The water
budget includes surface inflow and outflow of the Gila River, sur-
face inflow from tributaries to the reach, ground-water move-
ment, precipitation, and change in moisture storage in the satu-
rated and unsaturated soil 2ones. The cnergy budget, mass
transfer, and phreatophyte well methods of measuring
evapotranspiration are being applied and compared to the water
budget. All data will be analyzed by digital computer.

The preclearing caiibration will cover the period 1963-66.
The phreatophytes will be removed and a beneficial vegetation
substituted during the winter of 1966-67. The post-clearing
calibration will continue through 1969,

The project includes studies of vegetation, chemical quality
of water, and sedimentation.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0043, WATER RESOURCES APPRAISAL OF THE TUC-
SON BASIN, ARIZONA

E.S. DAVIDSON, U.S. Dept. of Interior, Water Resources Divi-
sion, Tucson, Arizona

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with State and local agencies in Arizona and the U. S. Bureau
of Reclamation.

Purpose - To determine the amount of ground and surface
water moving in and out of the Tucson basin including recharge
from streams in the area; evaluate the effect of present and
proposed pumpage and surface-water flow on ground-water
gtorage; and describe salinity and fluoride occurrence and dis-
tribution in ground water and relate to the lithologic variation of
the aquifers and to ground-water withdrawal.

Methods - Existing data on ground-water withdrawn,
declines in water levels, quality of ground water, aquifer charac-
teristics, surface- water inflow and outflow, precipitation, and
basin geometry will be compiled and analyzed. Additional gaging
stations will be installed and miscellaneous surface-water mea-
surements will be obtained to define areas of streamflow deple-
tion. Test holes will be drilled to collect water-quality and
lithologic information. Water samples will be analyzed to provide
additional information on salinity and fluoride distribution.
Geophysical studies will be made and will include seismic gravity
and aeromagnetic techniques. An electric-analog of the basin will
be constructed to predict changes of water levels under various
patterns of development.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Arizona State Government
U.S. Dept. of Interior - Bu. Reclamation

2.0044, T“LECTRICAL-ANALOG ANALYSIS OF
HYDROLOGIC DATA, ARVA VALLEY, ARIZ

O. MOOSBURNER, U.S. Dept. of Interior, Water Resources
Division, Tucson, Arizona ‘

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Arizona.

Purpose - To provide predictions of future positions of the
water table in an area where ground water is being pumped at a
much greater rate than the rate of replenishment. '

Methods - Intensive ground-water development and data col-
lection in Arva Valley began about 1950. All existing
hydrogeoiogic data (water levels, pumpage, and transmissibility)
from Arva Valley and adjoining areas will be used in an attempt to
approximate the actuai ground-water system by the electrical
model. When simulated water level changes from the model cor-
relate with histcric waterlevel declines resulting from actual
pumping rates, it may reasonably be assumed that the model is
analogous to the hydrologic system. The electrical mode] will
then be used to predict future water-level changes.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Arizona State Government

2.0045, VEGETATION CHANGES IN SOUTHWESTERN
NORTH AMERICA

R.M. TURNER, U.S. Dept. of Interior, Water Resources Division,
Tucson, Arizona

Arroyo cutting, springs and rivers that run no more, mesquite
invasion of impoverished remnants of former grasslands, death of
saguaro and oak forests are all changes of recent occurrence in
southwestern North America. Though these changes and others
are recognized, their extent is not fully known nor their causes un-
derstood. Several studies, most of which are inconclusive, have
stressed man’s role in causing the changes; little critical attention
has been given to the possibility of secular trends in climate as one
of the causes, Many of the changes do not favor man’s increased
use and more intense occupancy of this arid region. Whether the
trends, can be halted is not known but, if the changes can be ar-
rested or mndified, it is necessary to more fully understand the
scope of the changes and to more closely analyse the causes.

The study is divided into three parts: (1) Photographic docu-
mentation of the scope and nature of the changes; (2) the inten-
sive examination of soil moisture relations and micrometeorology
of vegetation zones known to b most greatly affected by the
changes; and (3) the study of the climate and vegetation of the
area as a means of defining present conditions and of detecting
secular trends in climate that may affect differently the several
recognizable subdivisions of the arid region.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0046, FACTORS
PECANS IN ARIZONA
R.C. BOWERS, Univ, of Arizona, Agricultural Experiment Sta. ,
Tucson, Arizona 85721

DESCRIPTION OF WORK - (1) Soil moisture differentials
have been established by setting up different irrigation schedules.
Occurence of stick-tight nuts and yield are being correlated with
amount of water being applied. Total soluble salts in soil in vari-
ous plots has been determined and attempts to reduce same are
being made by leaching experiments. (2) Occurrence of zinc defi-
ciency symptoms have been noted for individual trees, Leaf sam-
ples have been collected for analysis of various nutrient elements.

SUPPORTED BY U.S. Dept. of Agriculture
Arizona State Government

AFFECTING PRODUCTION OF

2.0047, HYDRAULICS OF SURFACE IRRIGATION
C.D. BUSCH, Univ. of Arizona, Agricultural Experiment Sta. ,
Tucson, Arizona 85721

Objective 3: By field trials, to test the validity of mathemati-
cal equations and laboratory relationships describing the hydrau-
lic characteristics of surface flow.

The Arizona State Experiment Station will carry on field
research for the evaluation of the mathematical fiow models
developed by other contributing stations. The work will congist of
two phases: Phase I: 1964-65, development of the necessary
equipment needed to measure and record electronically the ad-
vance and recession curves for border and furrow irrigation.
Phase II: 1965-69, measurement of the component surface flow
variables on a range of sites selected to provide differing soil con-
ditions and stages of crop growth. The data will be evaluated for
agreement with and refinement of, the mathematical models. It
will be made available to other contributing stations for further
evaluations.

SUPPORTED BY U.S. Dept. of Agriculture
Arizona State Government

2.0048,
BONATES
P.E. DAMON, Univ. of Arizona, Graduate School, Tucson,
Arizona 85721

CARBON-14 CONTENT OF FRESH WATER CAR-
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The carbon-14 contents of southwestern caliche deposits,
lake carbonates and spring tufa deposits are being determined,

The radiocarbon content of lake carbonates is being used to
define the extent and duration of pluvial lakes. The work on
caliche deposits is helping to elucidate the mechanism of deposi-
tion and the relation between calichification and paleoclimatolo-

Comparison of the radiocarbon content of organic matter,
tufa and water is being used to define the paleohydrology of arte-
sian water systems.

In addition to the paleohydrologic and paleoclimatic implica-
tions, this study has helped to define the problem of the initial
C14/C12 ratio in fresh water systems. Lack of such knowledge
may result in large and even absurd crrors in radiocarbon dating.

SUPPORTED BY Arizona State Government
U.S. National Science Foundation

2.0049, PREDICTION OF WATER MOVEMENT IN UN-
SATURATED SOILS
D.D. EVANS, Univ. of Arizona, Agricultural Experiment Sta. ,
Tucson, Arizona 85721

Objectives: (1) To delineate the influence of structural and
clectrostatic differences as well as solute concentrations and
cnergy gradients upon the movement of solutes, energy, and
water in soils. (2) To devise quantitative, expressions describing
the simultancous movement of water, solute _and energy in soils.

Work Proposed: The flow of water and energy will be ex-
amined under conditions of simultaneous water potential and
temperature gradients for the purpose of improving the produc-
tion of flow to cvaporative surfaces. Initially, flow will be
restricted to one dimensional, steady-rate flow to an evaporative
soil surface when the water potential and temperature are held
constant at the surface opposite the evaporative surface. Water
potential and temperature gradients, quantity of flow and ap-
propriate soil properties will be measured and the data used to
evaluate different cquations developed for predicting flow under
those conditions.

Individual clay particles will be suspended in an electric field
enclosed in controlled environments to study rates and amounts
of water adsorption or desportion with changes in the vapor pres-
sure of the environment. The rates of absorption are expected to
jead to a better understanding of the kinetics of water adsorption.
The amounts of adsorption by individual particles at a specific
vapor pressure will be compared to the amount of adsorption by
similar particles in a packing at the same vapor pressure.

SUPPORTED BY U.S. Dept. of Agriculture
Arizona State Government

2.0050, SOIL PHYSICAL CHANGES DUE TO MANAGE-
MENT PRACTICES

D.D. EVANS, Univ. of Arizona, School of Agriculture, Tucson,
Arizona 85721 :

The objectives of the project are (1) to evaluate soil physical
changes due to different management practices and (2) to relate
encountered changes to water management, tillage practices and
crop yield. The soil physical changes which have occurred due to
different management practices in certain long-term experiments
established at several locations in Arizona will be assessed by
selected measurements. It is anticipated that a study of methods
will be the initial work done on the project. After an evaluation of
methods, field and laboratory measurements will be made on the
soil for various practices and the results related to water manage-
ment, tillage practices, and crop yields.

SUPPORTED BY Arizona State Government

2.0051, HYDROLOGIC CHARACTERIZATION OF
FORESTED WATERSHEDS IN ARIZONA
H.C. FRITTS, Univ. of Arizona, Water Resources Research Ctr. ,
Tucson, Arizona 85721

The purpose of the proposed study is to better describe and
predict with emphasis on probabilities streamflow runoff from
forested watersheds in Arizona. In addition, hydrologic potentials
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within forest types in terms of snowpack dynamics will be pre-
dicted and management guidelines for increasing snowmelt runoff
will be developed.

Streamflow characteristics will be described by electricai
analogy including precipitation, interception, infiltration and
stream routing components. Hydrologic data for statistical studies
will be augumented by dendrochronological techniques that allow
objective translations of tree ring records into stationary time se-
ries. Models for the relation between tree ring widths and runoff
will be developed. Within the framework of fundamental
hydrologic principles, snowpack dynamics will be related to
biotic, topographic, edaphic and climatic parameters by regres-
sion analyses. These analyses will provide a system for predicting
snowpack water yield potentials and identifymg optimum
management goals.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Arizona

2.0052, SPRINKLER IRRIGATION OF CITRUS UNDER
SOUTHWESTERN CONDITIONS

K.R. FROST, Univ. of Arizona, Agricultural Experiment Sta, ,
Tucson, Arizona 85721

OBJECTIVES: 1. To determine water requirements for
citrus trees under sprinkler and flood irrigation. 2. To determine
crop yields and tree growth of citrus under sprinkler and flood ir-
rigation. 3. To reves! other influences resulting from sprinkler ap-
plication of irrigation water for citrus trees. ‘

PROCEDURE: Work on Lisbon lemons will be carried out at
the Yuma Mesa Station and coordinated with Horticulture De-
partment Project 405, Lemon Production Improvement in
Arizona.

Work on Valencia oranges will be carried out at the Tempe
Citrus Station and coordinated with Horticulture Department
Project 371, Response of Citrus Trees (Valencia Oranges) to Soil
Moisture; Movement of Soil Moisture in the Root Zone.

SUPPORTED BY U.S. Dept. of Agriculture
Arizona State Government

2.0053, DIFFERENTIAL ION MOBILITY AT COLLOIDAL
SURFACES

R.J. HANNAPEL, Univ. of Arizona, Agricultural Experiment Sta.
, Tucson, Arizona 85721

The objectives of this project are: 1) To assess the mobility of
alkali cations at solid phase surfaces in reference to the mobilities
in bulk solution 2) To relate surface structural variation to dif-
ferential ionic mobility 3) To evaluate the effect of hydrophobic
bonding and the corresponding quasi-crystalline structure of
water at solid-aqueous phase interfaces upon ionic mobility and
the resulting selectivity in ion transport in multiion systems 4) To
develop a working model which can be applied to - irface migra-
tion in soil and plant colloids.

Procedure: By using diffusion potential measurements along
with simultaneous ion flux measurements (using sensitive
radiotracer techniques), ionic mobility in synthetic membrane
systems will be measured. The membrane system proposed for
use allows the desired manipulations in its surface properties so
that the stated objectives can be studied.

SUPPORTED BY U.S. Dept. of Agricuiture
Arizona State Government

2.0054, STRUCTURAL CONTROL OF SPRINGS FROM
THE MUAV AQUIFER IN WESTERN GRAND CANYON NA-
TIONAL PARK, ARIZONA
P. HUNTOON, Univ. of Arizona, Graduate School, Tucson,
Arizona 85721

Perennial springs, some with flows exceeding 50 cubic feet
per second, discharge from the Muav limestone aquifier in the
Western section of the Grand Canyon National Park. These
springs are apparently the discharge points of the limestone
aquifiers in the western sector of the Kaibab Plateau. It is the pur-
pose of this study to determine if these discharge points are con-
tiolled by the tectonic fabric of the region.
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Prominent faults in the Grand Canyon will be mapped and
traced into the Kaibab Plateau. The springs and cavern entrances
in the Redwall and Muav limestones will be mapped to determine
if there is any correlation with local tectonic structures, It will be
determined if the altitudes of springs are structurally controlled.
The physiographic trends on the Kaibab Plateau that suggest
structurally controlled recharge to the regional aquifiers will be
characterized. The probable magnitude of underground drainage
system will be calculated from available spring discharge and
rairifall data.

SUPPORTED BY University of Arizona

2.0055, WATEP USE EFFICIENCY OF FORAGE CROPS
W.R. KNEEBONE, Univ. of Arizona, Agricultural Experiment
Sta. , Tucson, Arizona 85721

OBJECTIVES: To measure variability within species for the
characteristics ‘efficient water use' in order to best develop a
breeding procedure for changing a species and developing an im-
proved variety. To develop techniques for evaluating efficiency of
water use by forage crops.

WORK PROPOSED: Variation within species of several
forage crops for water use efficiency will be measured. Less than
optimum water for maximum forage production will be applied in
order to separate genotypes for their ability to produce furage
under these limited moisture conditions. Mature plants will be
measured for total forage production, recovery after harvest and
survival.

The work now in progress concerned with evaluating survival
and forage production of a large number of grass and legume spe-
cies will be continued.

SUPPORTED BY U.S. Dept. of Agriculture
Aisizona State Government

2.0056, RADIOCARBON AS A TRACER IN GROUND

WATER PROBLEMS
A. LONG, Univ. of Arizona, Graduate School, Tucson, Arizona
85721

The radiocarbon content of ground and surface waters is
being used as a tracer to study surface and ground water move-
ment. The data are being related to such ground water problems
as the rate of laminar flow through aquifers, their permeability,
the source, time and rate of charge, radioactive contamination in
water supplies, and the waste disposal problem.

The increase in the carbon-14 conteut of the atmosphere,
biosphere and hydrosphere due to nuclear technology is also
being monitored.

SUPPORTED BY Arizona State Government

2.0057, WATER CONSERVATION THROUGH EFFICIENY
USE BY CROP PLANTS

M.A. MASSENGALE, Univ. of Arizona, Agricultural Experiment
Sta. , Tucson, Arizona 85721

OBJECTIVES: 1. To determine why genotypes within a spe-
cies differ in their water use. 2. To determine if plant factors
found to be associated with water-use efficiency are heritable. 3.
To develop efficient plant-water management systems and im-
proved varieties for greater water-use efficiency.

Plan of Work: Genotypes within a species that differ in their
water use will be grown under a range of moisture-stressed condi-
tions in controlled-environmental growth facilities. Physiological
and morphological factors which may affect or be related to
water-use efficiency will be studied and evaluated, Any unique
biochemical, physiological or morphological feature found to be
associated with water use will be investigated in detail.

Field work will be initially concerned with determining the
best time to apply water, when in short supply, for maximum effi-
ciency per unit of dry matter produced. Later, field studies will be
concerned with the development of management systems and im-
proved varieties that favor characters found to be associated with
efficient water use.

SUPPORTED BY U.S. Dept. of Agriculture
Arizona State Government

2.0058, GROUNDWATE: SUPPLIES
W.G. MATLOCK, Univ. of Ariz. 1a, Agricultural Experiment Sta,
, Tucson, Arizona 85721

This is a continuing program of groundwater investigations in
the Santa Cruz and Avra-Alter Valley in Pima and Santa Cruz
County and in the Little Chino Valley in Yavapai County.

The program includes annual water level measurements in
wells, preparation of groundwater level contour maps and depth
to water maps, and the collection of well log information. Crop
surveys are made to compute irrigation water use and other water
uses arc tabulated. Special studies are made of volumetric un-
watering, natural recharge and quality of water. Well tests are
conducted to determine aquifer characteristics.

Data collection started in 1940 and will be continued

SUPPORTED BY Arizona State Government
Pima County Government - Arizona
Tucson City Government - Arizona

2.0059, WATER-SOIL-PLANT RELATIONS
K. MATSUDA, Univ. of Arizona, Agricultural Experiment Sta. ,
Tucson, Arizona 85721

Objective II - Evaluate effect of plant structures, physiologi-
cal processes and transpiration retardants on water movement
and loss from plants. (a) Determine relative resistance offered by
different tissues in the root to radial movement of water and salts.
(b) Determine resistance offered by the suberin layer on the outer
surface of suberized roots to entry of water and salts. (c) Deter-
mine the ‘leakiness' of roots, or the inability of roots to maintain
high concentrations of salts in the stele, for different stages of
development and different species. (d) Determine effects of tem-
perature, osmotic potential, and mineral composition of ambierit
medinm on salt accumulation and water absorption by roots. (e)
Attemipt to correlate root structure and salt and water absorption,
particularly active absorption of water.

Work Proposed: Microsurgical techniques will be used to
remove layers of tissu¢ from roots. Solutions will be pulled or
pushed through treated and untreated roots. External factors, in-
cluding osmotic potential of medium, will be varied in otherwise
constant environment, Anatomical features wll be determined by
standard histological methods.

SUPPORTED BY U.S. Dept. of Agriculture
Arizona State Government

2.0060, THE EFFECT OF EVAPORATION BAPRIERS ON
FISH GROWTH AND LIMNOLOGY
W.J. MCCONNELL, Univ. of Arizona, Arizona Coop. Fishery
Unit, Tucson, Arizona 85721

Information is needed on the possible effects on fish and their
environment of floating plastic evaporation barriers. Such bar-
riers appear to be more effective and cheaper than mono-molecu-
lar films but they reduce light and possibly atmospheric contact
by pond water. Measurements of fish growth, aquatic
photosynthesis and oxygen levels are being made in a series of ex-
perimental ponds having different degrees of coverage.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.-
University of Arizona

2.0061, PHYSIOLOGICAL CHANGES IN PLANTS
PRODUCED BY SALINE SOLUTIONS

J.W. OLEARY, Univ. of Arizona, Water Resources Research Ctr.
, Tucson, Arizona 85721 .

Plants irrigated with brackish water generally have decreased
growth and yields. In previous work at this laboratory the
physiological response of red kidney beans (Phaseolus vulgaris
L.) was studied in detail. The results of these studies indicated
that irrigation with water containing moderate levels of sodium
chloride affects the water metabolism of the plant. The resistance
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to water movement through the plant increased and the water
potential gradient decreased. Partial stomatal closure was ob-
served, and there was a significant decrease in the total leaf arca
of the plants. Both of these factors tended to decrease transpira-
tion and photosynthesis. Recent observations have shown that by
growing the plants in a high humidity environment the water lost
from the leaves via transpiration can be decreased. This reduction
in transpiration tends to bring about a closer balance between the
water lost and the water supplied to the leaves. Thus the water
stress in the plant is partially relieved, and growth inhibition is
decreased. The large air inflated plastic greenhouses developed at
our laboratory may make brackish water irrigation feasiblec on a
large scale. The greenhouses are totally closed to the natural en-
vironment. Water vapor added to the air by cvapotranspiration
remains within the greenhouse and the plants are surrounded by a
high humidity environment. Under these conditions growth in-
hibition by brackish water should be greatly reduced.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Arizona

2.0062, GEOPHYSICAL INVESTIGATIONS IN ALLUVIAL
BASINS IN SCUTHERN ARIZONA

J.S. SUMNER, Univ. of A¢izona, Water Resources Research Ctr.
, Tucson, Arizona 85721

The proposed investigation is directed toward the synthesis
of geophysical data in the Tucson Basin arca and adjoining basins
in southern Arizona and the geological and geohydrological in-
terpretation of this information. Gravity coverage will be
c.mpleted with a station interval of about one rcading per square
mile.

Refraction seismic profiles will be run over areas of indicated
interested, such as edges of pediments, productive water wells,
and gravity anomalies.

Surface resistivity surveys and magnetometer traverses will
also be tried in some localities. Surface and well samples il be
collected and measured in the laboratory for their density, porosi-
ty, magnetic susceptibility, and resistivity.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Arizona

2.0063, TREATING AN INADEQUACY OF THE UNIT
HYDROGRAPH HYPOTHESIS BY STORAGE ROUTING
WITH VARIABLE EMPIRICAL VALUES OF LAG AND
STORAGE

JH. THOMAS, Univ. of Arizona, Graduate School, Tucson,
Arizona 85721

The outflow hydrograph as predicied by the Sherman unit
hydrograph frequently does not agree with the observed outflow
hydrograph. It is believed that this lack of agreement is due to the
basic hypothesis that each ordinate of the outflow hydrograph is
directly proportional to the surface runoff.

Dooge has treated this inadequacy by assuming synthetic
partial hydrographs and routing them throw.gh various reservoirs
throughout the basin. Nash has assumed an instantaneous hydro-

raph and shaped it according to a gamma distribution by routing
it through a series of reservoirs at the outflow point.

It is proposed that results comparable to those of Dooge and
Nash could be achieved by assuming a unit hydrograph in the
shape of an isosceles triangle with its base equal to the duration of
rainfall excess and, by routing it with variable values of storage
and lag (using the Kohler Template), reproduce the observed out-
flow hydrograph, The values of storage and lag would be empiri-
cally determined. This method is less complex than those of
Dooge and Nash and more amenable to programming in a small
computer. ,

It is further proposed that the method outlined above be
tested on a small plot under controlled conditions. The Depart-
ment of Water Resources at the University has such a plot. Itis an
area of 1/2 acre, is surfaced with two inches of pea-size gravel
over impermeable plastic; has an outflow through a weir with a
stage recorder, and has a supply of water available in a 100,000
gallon tank. The additional equipment necessary to this proposed
study would consist of plastic pipe, pumps and nozzles. It is un-
derstood that such equipment, except for small hardware such as
nozzles, is available on the campus.
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Rainfall of various intensities and durations would be simu-
lated by spraying the plot from water in the tank. The simulation
need not be rigidly controlled although it would be necessary to
ensure that the areal distribution be consistent. The runoff hydro-
graphs would be analyzed and an attempt would be made to
reproduce these observed hydrographs by the method outlined
above. For this analysis, the Kohler Template would be formu-
lated and tested on all of the simulated events. The testing would
be done by digital computer.

SUPPORTED BY University of Arizona

2.0064, SNOW HYDROLOGY
D.B. THORUD, Univ. of Arizona, Agricultural Experiment Sta. ,
Tucson, Arizona 85721

Objectives: (1) To characterize snow accumulation under
forest canopies and in natural and man-made openings in pon-
derosa pine and mixed conifer zones of Arizona. (2) To evaluate
the energy supply available for snowmelt, evaporation and subli-
mation for the forest conditions described under objective one.
(5) To relate the results of snow accumulation and energy budget
studies to forest management practices that can be prescribed for
purposes of improving snow water yield. (4) To develop and
modify these studies in a form that will permit snow to be an ele-
ment in a mathematical model {or predicting total watershed
behavior.

Description: Snow accumulation will be evaluated by mea-
surements of total water content, density, depth and the spacial
variation of these factors. The energy flow to the snowpack will
be evaluated with pyranometers, net radiometers and measure-
ments of air temperature and wind for determining heat flow from
the overlying air. Vegetation conditions will be evaluated by stan-
dard and possibly specialized mensuration techniques. The rela-
tionship between vegetation and the water and energy budgets
will then be determined. The results of these studies will be
ge;/]elqped and modified for a mathematical model of watershed

ehavior.

SUPPORTED BY U.S. Dept. of Agriculture

2.0065, THE MANAGEMENT OF PONDEROSA PINE -
NEW METHODS OF THINNING DENSE STAGNATING
SECOND GROWTH STANDS

R.F. WAGLE, Univ. of Arizona, Agricultural Experiment Sta. ,
Tucson, Arizona 85721

I. A. Field Study. A one-hundred acre area in an old burn
that has been newly planted to ponderosa pine will be studied in-
tensively in an attempt to isolate the environmental phenomena
that are limiting to the germination, survival, and growth of the
developing seedlings. The phenomena to be studied will include:
a. Soil nutrition, b. Soil moisture, c. Soil and air temperatures, d.
Variations in soil characteristics, e. Relative humidity, f. Effect of
other plants. B. Laboratory Studies. Reciprocal studies will be
made in the greenhouse and in a controlled environment chamber
to supplement and aid in the interpretation of the field results.
Ponderosa pine seedlings will be grown in the greenhouse in sur-
face soils obtained from three different situations: a. An old burn,
b. A new bura, c. An area in which no burning has occurred in
known history.

I1. A study of the role of the different environmental factors
in an attempt to find out how to manipulate the density of second
growth stands to get good growth. As a part of this study, the role
played by nuttients, stand density, soil water, and atmospheric
water in the growth of ponderosa pine is being considered.

Nutrient & water and thinning treatments have been made
on a number of different plots & under a variety of situations.

Data is being systematically collected at yearly intervals. One
interim study has recently been completed and will be ready for
analysis, writing, and publication within the next 6 months.

During the coming year growth records and neutron probe
soil water data will be collected on plots involving about 1,500
tree,. Some measurements will be taken weekly and others will be
taken at the beginning and end of the growing season.
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2. WATER CYCLE
SUPPORTED BY University of Arizona

2,006, HYDROLCGY OF LOWER COLORADO RIVER
BASIN
C.C. MCDONALD, U.S. Dept. of Interior, Water Resources Divi-
sion, Yuma, Arizona 85364

The objective is to obtain knowledge of the hydrology to pro-
vide a realistic basis for managing the water resources. The work
includes estimating the amount and guality of ground water that
may be obtained to supplement river water; investigating the re-
gional movement of ground water between the Colorado River
and Imperial Valley, the movement of ground water into the Sal-
ton Sea, from Yuma Mesa to adjacent areas, and across the boun-
dary between the United States and Mexico.

Water losses by evapotranspiration will be studied including
the experimental deternmination of water use of several species of

vegetation. Evaporation from Lake Mohave, Lake Havasu, and.

Salton Sea will be measured, and salt-balance determinations will
be made in selected areas.

SUPPORTED BY U.S. Dept. of Interior - Geologicai Survey

2.0067, LEMON PRODUCTION IMPROVEMENT
D.R. RODNEY, Univ. of Arizona, Agricultural Experiment Sta. ,
Yuma, Arizona

DESCRIPTION OF WORK. (1) Irrigation experiments in-
volving sprinkler, furrow and flood basin types of irrigation have
been established on young trees in cooperation with Dept. of
Agric. Engineering. (2) Nitrogen-phosphate-manure differentials
have been applied annually to lemon trees. Yield and fruit quality
factors have been correlated. Leaf samples have been and are
being collected for analysis for nutrient elements. Soil samples
have been taken and analyzed for movement of phosphate. (3)
Five different methods of pruning have been established on young
trees. Yield data is being obtained.

SUPPORTED BY U.S. Dept. of Agriculture
Arizona State Government

2.0068, THE DISTRIBUTION OF TRACE ELEMENTS IN
IMPOUNDMENTS

J.F. NIX, Ouachita Baptist University, Ark. Water Resources
Res. Ctr. , Arkadelphia, Arkansas 71924

The distribution of trace elements and common water quality
parameters will be determined in two impoundments on the
QOuachita River in south-central Arkansas. The sampling sites will
be chosen in an effort to present a representative picture of each
reservoir. The state of occurrence (solution, particulate, organi-
cally bound) of each trace element will be investigated using
membrane filters and high speed centrifuging.

Samples wil! be taken during each season and at different
reservoir conditions in an attempt to determine the factors which
influence the distribution of these elements in the reservoir.

A section of the Ouachita River below these impoundments
will be studied to determine if trace elements are being trans-
ported from the reservoir. In the event that they are released from
the reservoir during power generation, the fate (precipitation, ab-
sorption, etc.) of'each of the trace elements will be investigated.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Ouachita Baptist University

2.0069,
KANSAS
B.B. BRYAN, Univ. of Arkansas, Agricultural Experiment Sta. ,
Fayetteville, Arkansas 72701

Determine rates at which water may be applied to various
soils on which crops are grow ‘ng; evaluate and ¢evelop devices
used to determine when to irrigate; determine irrigation efficien-
cy in terms of quantitative measurements of water distribution,
losses and application; evaluate systems of irrigation with respect
to labor requirements, topographic conditions, power and equip-
ment requirements, and efficient water use; determine mechanics
involved in contreiling air temperatures with sprinkler irrigation
systems.

ENGINEERING PHASES OF IRRIGATION IN AR-
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DESCRIPTION OF WORK - Designed Bench leveling plan
and, during construction, collected data on tractor and man hour,
fuel, oil and repair requirements at Cotton Bra. Exp. Sta.; con-
ducted length of run and furrow irrigation efficiency studies at
Cotton S. W. Bra. Exp. Sta. and Main Exp. Sta.; collected Evapo-
transpiration and climatological data for various nitrogen levels of
cotton at Delta Sub-Station. Designed and graded 3 benches to
various slopes for furrow irrigation studies at N.E. Bra. Exp. Sta.

Tests for reduction of temperature by irrigation were run on
Veg. Substation on various truck and field crops. On the Main
Station, tests were run on an elliptical-shape pipe model with
hooded inlet for slopes from O to 40 degrees; and manuscript was
redrafted on a moisture measuring device using agar and a strain
gage; a field was smoothed in preparation of work on a now fur-
row irrigation study at Southwest Station.

SUPPORTED BY U.S. Dept. of Agriculture
Arkansas State Government

2.0070, MICROMETEOROLOGY OF SOYBEANS
C.E. CAVINESS, Univ. of Arkansas, Agricultural Experiment Sta.
, Fayeuteville, Arkansas 72701

Objectives: 1. Determine the effects of furrow irrigation on
the micrometeorology within and above the soybean canopy. 2.
Study the effects of micrometeorological factors on rate or type
of insect damage and disease infestations with emphasis on the
pathogenic organisms. 3. Study the effects of micrometeorologi-
cal factors on some agronomic characters such as yield, flower
shedding, pod set, shattering, seed quality, fertility responses, and
others. 4. Measure evapotranspiration at the O- to 10-inch depth
in both irrigated and non-irrigated plots.

Description of work proposed: Studies in the initial stages
will, of necessity, be of a general nature because information is
limited on which of the micrometeorological factors may be of
major importance in disease infestations, insect outbreaks,
growth and development of the soybean plant, etc. Then, the
second phase will consist of a more critical evaluation of particu-
lar micrometeorological factors which appear to affect specific
plant responses. Initially, all instrumentation will be accomplished
at the Northeast Branch Experiment Station at Keiser under the
supervision of a U. S. Weather Bureau agricultural climatologist
who is. 1tioned at that location. Personnel from the Agricultural
Engineering, Entomology, Plant Pathology, and Agronomy De-
partments of the University of Arkansas will cooperate in these
studies.

SUPPORTED BY U.S. Dept. of Agriculture
Arkansas State Government

2.0071, WATER BALANCE AND ALKALINE EXCHANGE
RELATIONSHIPS AS INFLUENCED BY WATER MANAGE-
MENT PRACTICES IN RICE

J.A. FERGUSON, Univ. of Arkansas, Agricultural Experiment
Sta. , Fayetteville, Arkansas 72701

OBJECTIVES: To determine (1) the total water balance of a
rice crop; (2) the effect of submergence depths on the total water
balance of rice; (3) the effect of submergence depths on the
micro-climate of rice; and (4) the salt accumulation in a field as
affected by submergence depth.

DESCRIPTION OF WORK: Continuous monitoring of pH,
conductivity, soil and air temperatures, net and solar radiation,
water input and runoff on statistically arranged plots of rice un-
glerl%oing various submergence treatments varying from none to 8
inches.

SUPPORTED BY U.S. Dept. of Agriculture
Arkansas State Government

2.0072, PHYSIOLOGICAL FACTORS IN WATER NEEDS
AND USE OF CROPS
A.A. KATTAN, Univ. of Arkansas, Agricultural Experiment Sta. ,
Fayetteville, Arkansas 72701

(1) Study methods of determining soil moisture in an attempt
to find or develop reliable and efficient technique for-use-in these
studies and for grower use. (2) Determine range of available soil




moisture that permits optimum growth and fruiting of plants and
whether this range varies for different stages of plant develop-
ment. (3) Determine relationship between nutrient use and
moisture ranges for horticultural crops. (4) Study relationship
between temperature, optimum soil moisture range and frequen-
cy of water application.

DESCRIPTION OF WORK: This work is designed to deter-
mine factors which result in maximum yield returns from irriga-
tion and the effect of such practices on growth, minimum yield
returns from irrigation and the effect of such practices on growth,
mineral uptake yield, and quality of raw and processed products.
Four crops have been included in this program: tomatoes, in rela-
tion to spacing; sweet potatoes, with recognition of hill spacing
and water injury exhibited by this crop; beans, in regard to sen-
sitivity at various stages of development; and peaches, in respect
to both intensity of fruit load and stage of fruit development. The
following determinationa are made: changes in soil moisture; lcaf
mineral analyses with respect to gradients between young and old
tissues; yield and grade; physical and chemical analyses of quality
of raw and processed product, and post-harvest changes during
storage.

SUPPORTED BY U.S. Dept. of Agriculture
Arkansas State Government

2.0073,
FOREST
F.M. MEADE, Univ. of Arkansas, Agricultural Experiment Sta. ,
Fayetteville, Arkansas 72701

Objectives: 1. To determine the Physical inputs and outputs,
costs and return from forest production of low-grade hardwood
areas under different levels of management including conversion
to pine. 2. To measure physical inputs and outputs, costs and
returns, from forage production on low grade hardwood areas
converted to range-land at different levels of management. 3. To
determine the siltation, water infiltration and runoff under a
forest cover compared with range cover. 4. To compare the
economic returns from low-grade hardwood areas managed for
forestry purposes with similar areas managed for range grazing,

Description of Work Proposed: The two major soil types of
the Ozark uplands, limestone chart and Boston Mtn. Sandstone,
supporting forest cover will be sampled by using forestry and
rang: development techniques. Forestry practices appropriate to
the Ozark upland hardwood stands will be evaluated and com-
pared with conversion to pine. As an alternative to Forestry, ran-
geland development studies will be initiated on adjacent alnd
using natural vegetation, seeded, and fertilized as the base treat-
ments. Plant succession studies will be carried on under all treat-
ments, on both soil types. Sedimentation as a measure of erosion
will be measured in relation to rainfall and runoff on small
watersheds in treatment areas. Economic relationships will be
evaluated from all treatments.

SUPPORTED BY U.S. Dept. of Agriculture
Arkansas State Government

MANAGEMENT ALTERNATIVES ON OZARK

2.0074, A STUDY OF THE PHYSIOLOGIC AND CUL-
TURAL FACTORS WHICH INFLUENCE PRODUCTION OF
TREE FRUITS

R. ROM, Univ. of Arkansas, Agricultural Experiment Sta. , Faye!-
teville, Arkansas 72701

Objectives: 1) To study the nutrition of fruit trees using foliar
analysis as the diagnostic technique. 2) To investigate the use of
chemicals which may affect the physiology of the tree, 3) To
study the response to irrigation with reference to need, timing,
and amount. 4) To study tree training and pruning with emphasis
on bulk methods and adaptation to mechanization. 5) To study
cultural methods relating to fertilizer, cultivation and cover crops.
6) To investigate the interactive effects of the above mentioned
objectives.

Procedures: Fruit trees to be used in these studies are already
found in experiment station plantings; new blocks will be set to
meet specific experiments; outlying orchards will be used when
necessary.

Repeated tissue sampling of commercial orchards will be
made to relate nutrition balance and intensity with production

2. WATER CYCLE

and quality. Specific experiments will be designed to study fertil-
izer programs required to maintain production. Chemicals and
growth regulators to be used to modify plant physiology to make
them more adaptable to Arkansas conditions.

Studies on the effects of irrigation on production and quality
to be made on basis of short drought, extended drought, and con-
tinuous production. Bulk pruning to be simulated for purpose of
studying tree response to this management.

SUPPORTED BY Arkansas State Government

2.0075, IRRIGATION WITH
AGRONOMIC CROPS
L. THOMPSON, Univ. of Arkansas, Agricultural Experiment Sta.
, Fayetteville, Arkansas 727701

Evaluate methods of determining critical soil moisture levels
for irrigation; determine optimum rate and grade of fertilizer and
optimum time and method of application for agronomic crops
grown under irrigation; evaluate yield responses of certain
selected agronomic crops when irrigation is carried out by sprin-
kler and furrow methods; determine effect of plant population,
planting dates and other cultural management practices on
degree of response to supplemental irrigation; evaluate effect of
land leveling operations required for furrow irrigation upon soil
fertility and resultant yield; study methods of increasing infiltra-
tion rate of irrigation water into soil in which the rate is slow.

DESCRIPTION OF WORK: Since 1950, irrigation-fertility
experiments have been carried out at four locations. The effect of
irrigation and levels of nitrogen upon the yield of three cotton
varieties was measured on the Richland silt loam soil at Marianna,
the Sharkey clay and the Dundee silt loam at Clarkdale. The ef-
fect of land and ferrilization of the Richland silt loam for irriga-
tion upon the yield of corn was also measured at Marianna, At
Stuttgart, the combined effects of irrigation, fertilization, and
deep plowing, upon soybean yields were measured. Various
sources and rates of nitrogen have been used in irrigation experi-
ments on corn, grain sorghum, and Tracy sorghum at Fayetteville.
In addition, one greenhouse experiment on the causes of so called
crazy cotton has been completed. Help has been given on the
multiple-factors cotton experiment at the Southeast Branch Sta-
tion.

SUPPORTED BY U.S. Dept. of Agriculture
Arkansas State Government

INVESTIGATIONS

2.0076, SEARCH FOR AND IMPORTATION OF FOREIGN
INSECT ENEMIES OF WEEDS
L.A. ANDRES, U.S. Dept. of Agriculture, Albany, California

Object: To investigate the natural insect enemies of weeds in
foreign countries and to collect and ship to the United States
those species which will feed on or otherwise injure weeds.

Plan of work: Research will proceed through the following
stages: (1) searching of the literature to establish the world dis-
tribution of particular weeds and the insects or other enemies
known to feed on or otherwise injure them; (2) visits to areas
where weeds originated and searches for predatory insects; (3)
obtaining information concerning the interrelationships between
a weed and other plants and animals, and the effects of soil and
climate on such interrelationships; (4) screening tests to insure
that weed control insects are not harmful to useful plants (The
ecological studies and taxonomic information regarding related
plants will serve as a guide for screening tests.); and (5) shipment
of promising insect sgecies to appropriate quarantine receiving
stations in the United States.

SUPPORTED BY U.S. Dept. of Agriculture

2.0077, HYDROLOGIC ANALYSIS METHODS
H.W. ANDERSON, U.S. Dept. of Agriculture, Pac. Sw. For. &
Rg. Expt. Sta. , Berkeley, California

Object: To develop, test, and illustrate improved methods of
analysis in forest hydrology.

Plan of work: The development and evaluation of variables
which influence water yield, floods, and sedimentation will be stu-
died. (A) One aspect of the work is the evaluation of variation of
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water yield in relation to watershed and meteoriogical variables
such as topography, elevation, geology, precipitation, and th2
evaporation potential. (B) Past records of floods from many
watersheds, measured under a variety of changing land use and
vegetation, will be analyzed to determine fundamental relation-
ships between land use and floods. (C) Current work on
suspended sediment discharge will be extended to include deposi-
tion in reservcirs and the relationships between watershed
characteristics, suspended sediment discharge, and reservoir
deposition. (D) Basic to all watershed evaluations are more acgu-
rate measures of the supply factors of precipitation, snow accu-
mulation and snew melt. The relationship of these supply factors
to large scale aid small scale terrain and forest conditions will be
studied,

SUPPORTED BY U.S. Dept. of Agriculture

2.0078, FLOOD AND SEDIMENT REDUCTION IN THE
CONIFEROUS TIMBER ZONE OF CALIFORNIA

R.R. ZIMER, U.S. Dept. of Agriculture, Pac. Sw. For. & Rg.
Expt. Sta. , Berkeley, California

Object: To develop management methods that will minimize
local floods, erosion and sedimentation, maintain water quality,
and improve timing of streamflow; and to develop methods for
predicting the effects of forest and land management practices
upon sedimentation and streamflow.

Plan of work: Studies of gravitational mass movement will
continue; resurveys of inclinometer holes will determine rate and
location of surface and subsurface creep; and aerial photo com-
parisons will point out causes of landslides. The project staff will
continue to study the effects of logging on streamflow, sedimenta-
tion, and fish habitat, and current studics will relate soil moisture
to logging effects and to moisture storage opportunitics for flood
abatement.

SUPPORTED BY U.S. Dept. of Agriculture

2.6079, SHALES AS FILTERS IN NATURAL WATERS
F.A. BERRY, Univ. of California, Graduate School, Berkeley,
California 94720

This proposal is concerned with investigating the relative fil-
tration effects of shales upon the various ionic and molecular con-
stitutents of naturally-occurring formational waters. The principal
mode of investigation will be to investigate the problem theoreti-
cally and to examine chemically the waters from geologic sites
that are known to be either effluent or hyperfiltrated waters with
respect to natural shale membranes. Dehydration reactions are
the principal contributors to the effluent waters in some localities.
Experimental laboratory studies will also be undertaken as a
secondary mode of investigation.

The ficld areas of investigation include the Gulf Coast, U.S.;
the Indus Plains of West Pakistan; the Po Valley, Italy; sedimenta-
ry basins on the north side of the Alps; the Golfo San Jorge basiri
in Argentina, and others.

SUPPORTEDR BY U.S. National Science Foundation

2.0080, PROPERTIES OF SOILS RELATED TO APPLIED
STRESSES
P.R. DAY, Univ. of California, Agricultural Experiment Sta. ,
Berkeley, California 94720

Determine the influence of various factors upon deforma-
tion, including: (a) particle size; (b) initial state and composition,
including additives; (c) amount of water and magnitude of soil
moisture tension; and (d) direction of water content change at
time of stress. The changes and effects produced by compaction
and the processes of recovery will also be examined, as progress
permits,

Description of work --Work will first be directed primarily at
(a) and (c) above. Compacted bulk density will be measured in
relation to water content of silty clay-sand mixtures, which will be
treated as binary mixtures. These will consitute a texture series of
seven members. They will be compacted with a machanized ‘k-
neading' compactor set to deliver a maximum pressure of 20
Ibs/sq. in./stroke while retained in a rigid-walled vessel with a

porous bottom to allow measurement of tension-water content
relationships. This will be done for maximum and minimum bulk
densities for each texture and the pore size distribution function
determined. Measurements will be repeated with the same
materials after polymer treatment. Other properties and respon-
ses of the compacted specimens will also be examined in an at-
tempt to understand the reversibility of structural alteration. Re-
lated work will be done with clay-polymer complexes in an en-
deavor to elucidate the structure modification. this will continue
past use of a Maron-Krieger-Sisko viscosimeter and an RCA-
EMU-2 electron microscope.

SUPPORTED BY U.S. Dept. of Agriculture
California State Goverrment

2.0081, STUDY OF TRANSPORT, DEPOSITION AND
%(I:V?UR OF FINE PARTICLES THROUGH A POROUS MEDI-
H.A. EINSTEIN, Univ. of California, School of Engineering,
Berkeley, California 94720

The results obtained so far in this investigation are for ideal-
ized porous media of unisize, spherical balls arranged in a rectan-
gular pattern. However, consecutive layers of spheres are dis-
placed in such a way as to produce critical minimum openings
equal to those in the hexagonal pattern. In nature, the soil mass is
neither homogeneous nor isotropic. In order to apply the results
to the field condition, it is necessary to extend this investigation to
a heterogeneous porous medium.

The objective of this investigation is to use porous media with
different particle size distributions, the pore openings of which
can be expressed statistically. The clogging and non-clogging of
this heterogencous medium is to be examined with unisize moving
particles. The result of this study would then lead to a prediction
of the behavior of various moving particles through a heterogene-
ous porous medium.

SUPPORTED RBY U.S. National Science Foundation

2.0082, RHEOLOGY OF SOIL-WATER SYSTEMS
L.J. WALDRON, Univ. of California, Agricultural Experiment
Sta. , Berkeley, California 94720

The objectives of the proposed project are to obtain mea-
surements of (a) the strain response of soil to static and
sinusoidally oscillating stress and (b) the effect of water content
and soil-water suction on these mechanical responses. This data
will be used to evaluate stress-strain theories, especially those that
express the time-dependence of stress-strain ratios, for example,
viscoelasticity. '

Dynamic and static shear strain measurements are to be
made over a wide range of soil consistence. Water contents are to
vary from monomolecularly adsorbed water to near saturation. In
general, stress and strain amplitudes will be small so that where
linear viscoelastic response is found its upper limit may be defined
in terms of stress, strain, strain-rate, water content and soil water
potential.

SUPPORTED BY California State Government

2.0083, INDUCTIVE ELECTROMAGNETIC METHOBS
FOR MAPPING AND EVALUATING AQUIFERS

S.H. WARD, Uniy. of California, School of Engineeri'ig, Berkeley,
California 94720

We propose to investigate the theorectical basis for inductive
systems of measuring apparent electrical conductivity and ap-
parent dielectric constant, to design and construct a novel ‘tilt an-
gle* electromagnetic depth sounding system, and to make a field
application of the system to geologically well-documented test
arcas in California.

Complete catalogues of interpretation curves are necessary
for use of inductive systems and these would be obtained by use of
a high- speed digital computer and peripheral equipment prior to
equipment development.

The development of economical and reliable electrical
sounding techniques, especially suited for use in groundwater

roblzms arising in arid and semi-arid regions, is the primary ob-
jective of the proposed research.
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SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of California

2.0084, GENERALIZED ANALYSIS OF SMALL
WATERSHED RESPONSES
J. AMOROCHO, Univ. of California, School of Engineering,
Davis, California 95616

The objectives of the investigation are to develop generalized
procedures for the establishment of the relationships between in-
flow and outflow in natural watersheds, with full recognition of
their nonlinearity and parameter distribution characteristics.
These relationships will be used in the reconstruction and predic-

tion of hydrologic events.

SUPPORTED BY U.S. Dept. of Interior - O. Wz;ter Res. Rch
University of California

2.0085, GENERALIZED ANALYSIS OF SMALL
WATERSHED RESPONSES

J. AMOROCHO, Univ. of California, Agricultural Experiment
Sta. , Davis, California 95616

(a) To expand the theory of functional series representation
to the description of non-linear physical systems with particular
emphasis on hydrologic systems; and (b) to investigate the appli-
cation of these nonlinear methods of analysis to the evaluation of
the respuases of watersheds under the action of ruin.

The work will be conducted in the theoretical area by
development of the necessary mathematical procedures of analy-
sis; and in the experim field by laboratory experiments on small
catchments and by analysis of small natural watersheds.

SUPPORTED BY California State Government

2.0086, MIXING PROCESSES IN SATURATED AND UN-
SATURATED SOIL-WATER SYSTEMS IN RELATION TO
POLLUTION

J.W. BIGGAR, Univ. of California, Agricultural Experiment Sta. ,
Davis, California 95616

Objectives: Analyze the transient nature of the mixing of dis-
solved organic and inorganic ions in water flowing through satu-
rated and unsaturated soils. Impose the presence of thermal
ﬁmdients and, analyze the transient nature of the mixing of two

uids at two different temperatures for similar and dissimilar salt
concentrations. Ascertain the nature of the porous material by
comparison of mixing of thermally different solutions with chemi-
cally dissimilar solutions,

Description of Work Proposed: Attempt to describe the
systems by means of thermodynamic and hydrodynamic models
with the aid of computer analysis. Particular attention will be
given to the physical properties of the fluids used. This project
will augment previous and present work conducted under Re-
gional Projects W-68 and W-82. Experimental laboratory work to
test theory and provide ranges of values for parameters will be ob-
tained.

SUPPORTED BY U.S. Dept. of Agriculture
California State Government

2.0087, LIMNOLOGY OF ROSS ISLAND, ANTARCTICA
C.R. GOLDMAN, Univ. of California, Graduate School, Davis,
California 95616

This proposal requests support for the preparation of a report
of data collected at Cape Evans, Antarctica, The work would be
;:)alrried out at the Institute of Ecology, University of California,

avis.

Field studies conducted in Antarctica during the austral field
season of 1961-62, 1962-63 by the principal investigator with the
assistance of D, T. Mason, B.J.B. Wood and J.E. Hobbie have
been reported in a series of short scientific papers; two of these
papers were on dry valley lakes, Much of the research data based
on a systematic multidimensional analysis of the Cape Evans lakes
remains to be published. This includes weekly sampling of water
chemistry, primary production of plankton and benthos as well as
plankton and benthos composition, both taxonomic and chemi-
cal, energy budget measures and local weather information.

While some of those data are reported, teaching, other research '
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commitments and transfer of personnel forced suspension of the
work. The proposal allows Mason to work at Davis for three
months on a leave of absence from Washington State College dur-
ing the winter quarter of 1968. This contribution to Antractic lim-
nology will be submitted for publication in the Antarctic
Research Series.

No field work this season.

SUPPORTED BY U.S. National Science Foundation

2,0088, WATER-SOIL-PLANT RELATIONS
R.M. HAGAN, Univ. of Caiifornia, Agricuitural Experiment Sta. ,
Davis, California 95616

Objectives: 1. Investigate relationships between water stress
in root medium and internai water status of plants as affected by
environment and plant development. 2. Evaluate effect of plant
structures and transpiration retardants on water movement and
loss from plants. 3. Determine effects of plant water stress and
nutrients on morphology and metabolic processes determining
growth and composition of plants.

Procedures: Investigations will be directed towaid evaluating
fundamental relations between water and plant growth. It will be
necessary to evaluate these water-plant relationships under vari-
ous conditions of environment and stage of plant development.
To the extent that facilities permit, these studies will be con-
ducted in controlled environment chambers, using modern
techniques for soil moisture and environmental control and mea-
surements.

SUPPORTED BY U.S. Dept. of Agriculture
California State Government

2.0089, WATER AND SOIL TEMPERATURE IN RELA-
TION TO PLANT GROWTH

R.M. HAGAN, Univ. of California, Agricultural Experiment Sta. ,
Davis, California 95616

(1) To correlate the temperature of water in the Feather
River with water temperature in the irrigation distribution system
in the Feather River Service Area; (2) To evaluate the behavior
and yield of important crops irrigated with water at low tempera-
tures under controlled conditions; (3) To correlate field indica-
tors of crop response to low temperature water with behavior of
plants under controlled conditions.

The gradients of water temperature from the Feather River
above’ the Oroville Dam site to the growers’ turnouts in the
Feather River Service Area will be made with thermographs
between 1962 - 1964, three years before construction. A con-
tinuation of the field measurement program from 1964 through
1971 is envisaged as a future objective to cover temperature
changes during and after construction of the Dam. These data will
document the effect of construction on irrigation water tempera-
ture. They will be gathered by the State Department of Water
Resources in cooperation with the Department of Irrigation. The
University’s research staff will correlate these field temperatures
with agronomic and physiologic responses of important crops
near temperature measuremernt sites as well as cross-correlate
field responses of crops with the effects of irrigation water tem-
peratures under controlled conditions.

SUPPORTED BY California étate Government

2.0090, IRRIGATION MANAGEMENT FOR CROPS
D.W. HENDERSON, Univ. of California, Agricultural Experi-
ment Sta. , Davis, California 95616

Study moisture content and other soil characteristics relative
to compaction and infiltration. Study causes of slow water
penetration other than compaction and Na. Determine effect of
amendments on structure and infiltration. Study root develop-
ment in impervious soils and relation of root development and
root diseases to available water. Evaluate crop systems and
management affecting water supply to future crops. Evaluate
from water supply viewpoint crop responses to tillage methods.
Develop criteria for land grading, irrigation water management,
and drainage of slowly permeable soils. Study accumulation of
salts relative to water penetration rates.
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2. WATER CYCLE

Description of Work: Root development and moisture ex-
traction patterns of deep-rooted crops in an ercellent soil are
compared with those in artificially compacted or naturally firmer
subsoils. Differential irrigation treatments are applied, and crop
responses to treatment measured.

Water-logging during irrigation and subsequent drainage are
being evaluated on natural and artificial profiles, and drainage
conditions related to root disease.

SUPPORTED BY U.S. Dept. of Agriculture
Californja State Government

2.0091, IRRIGATION OF FIELD AND TRUCK CROPS
D.W. HENDERSON, Univ. of California, Agricultural Experi-
ment Sta. , Pavis, California 95616

Most of the work is carried on under natura! field conditions,
and includes frequency of irrigation on yield and quality of the
product, The measurements usually include soil moisture condi-
tions at various stages of plant development, evapotranspiration,
and root development in relation to soil conditions and develop-
ment of the plant. Work has been performed on many crops; at
present, the foilow:ag crops are being investigated: cotton, sugar
beets, potatoes, grain sorghum, safflower, and beans. Additional
crops wiil be added from time to time.

SUPPORTED BY California State (iovernment

2.0092, CHANGES IN ENZYMES IN THE PLANT AS RE-
LATED TO WATER SUPPLY AND USAGE
T.C. HSIAO, Univ, of California, School of Agriculture, Davis,
California 95616

The effects of various degrees of water deficits on the levels
of several enzymes in the plant closely related to water usage and
organic synthesis will be determined. These enzymes are:
amylase, glycoiic acid oxidase, the enzymes in the carboxylative
phase uf photosynthesis (phosphoriboisomerase, phosphoribu-
lokinase, and ribulose- 1, 5-diphosphate carboxylase), and nitrate
reductase. Studies will be conducted to determine whether the
changes in the enzyme level causedd by water stress are due to al-
tered rate of synthesis and activaiion, or to changes in inhibitor
concentrations. Changes in levels of enzymes which may play a
role in reguiating cell water potential or stomatal aperture will be
related to the usage of water by the plant where possible.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of California

2.0093, PROPERTIES OF SUBMERGED SOILS
D.S. MIKKELSEN, Uniy. of California, Agricv!tural Experiment
Sta. , Davis, California 95616

Objectives (1) To study the effects of waterlogging on the
biological and physico-chemical properties of California soils. (2)
To determine the v>riable plant responses, particularly with rice,
to waterlogged soil vonditions and to relate this to physiological
processes. (3) To study the changes occurring as a result of water-
logging and alternate drying on soil reaction, redox potential,
specific conductance and certain soil chemical characteristics.
(4) To identify the redox systems in waterlogged soils as they in-
fluence soil productivity and to develop methods of chemical con-
trol or modification by cultural practice.

SUPPORTED BY California State Government

2.0094, PREDICTION OF WATER MOVEMENT IN UN-
SATURATED SOILS
D.R. NIELSEN, Univ. of California, Agriculturai Experiment Sta.
, Davis, California 95616

Objectives: 1. To develop an understanding of soil moisture
hysteresis and to define its role in the movement of water, solutes,
and energy in soil. 2. To devise and test methods for predicting
water transmission through soils from measurable soil properties
for known temperature conditions.

Description: Special techniques will be used to study water
flowing in alternating directions through soil and other porous
materials in order to arrive at an understanding of hysteresis.
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Uniformity of samples will be measured by gamma ray absorption
techniques. Particular emphasis will be placed upon the solute
species, their concentration and their distribution within the sam-
ple. These resuits for known temperatuse conditions will be com-
pared with equilibrium results using volumetric and gamma ray
absorption techniques.

SUPPORTED BY U.S. Dept. of Agriculture
Californiz State Government

2.0095, CLIMATIC PATTERNS AND THEIR EFFECT ON
CALIFORNIA AGRICULTURE
H.B. SCHULTZ, Univ. of California, Agricultural Experiment
Sta. , Davis, California 95616

Objectives: 1) To continue analysing climatological data with
greater emphasis on temperature patterns throughout the year
from medium-long weather records (30-year periods). 2) To add
more California stations than used so far (30 stations) to provide
more detailed information on probabilities and agricultural risks
for certain districts and crops. 3) To verify the results from the
use of the 30- year periods by means of analysis of a few stations
with very long periods such as Sacramento (100 years). 4, To
continue studying weather influence on crop development.

Procedure: Preparing punch cards, and analysis in Computer
Center. Field observations of plant development and correlation
with temper ture and radiation.

SUPPORTED BY U.S. Dept. of Agriculture
California State Government

2.0096, METHODOLOGIES FOR PREDICTING CLI-
MATIC SUITABILITY OF NEW AREAS FOR IRRIGATED
AGRICULTURE
H.B. SCHULTZ, Univ. of California, School of Agriculture,
Davis, California 95616

The cropping pattern of any potential or cxisting agricultural
area is based upon those species which the climate can support.
Increasing population pressures, world over, are pressing agricul-
ture toward sites less suitable than those currently being utilized.
Thus deserts, mountain regions and cold locales are being viewed
as potential agricultural areas regions where population is cur-
rently sparse and climate records limited. A method of predicting
climate suitability is desirable. Short term climate data from 81
climate stations in the San Joaquin Valley have been collected
since 1963. Data from selected stations have been verified and
prepared for machine compu:ation. These data will be correlated
with long term weather records, purchased from ESSA - Weather
Bureau, to establish climatological records for the field instru-
ment sites. The extrapolated data together with specific crop
requirements will be used io predict cropping behavior.
‘Watchdag' instrumentation will be continued to evaluate the ef-
fect of irrigated agriculture upon desert climate trends.

SUPPORTED BY University of California

2.0097, MECHANICS OF FLOW IN COPEN CHANMNEL
SYSTEMS

T. STRELKOFF, Univ. of California, School of Agriculture,
Davis, California 95616

The purpose of the investigation is to develop the thecory and
computational methods for the analysis of open-channel flow
systems in the steady and unsteady states. Analytical and experi-
mental studies are carried out on the propagation of shock waves
and continuous wave profiles in prismatic and nonprismatic chan-
nel configurations and on the details of flow fields in the vicinity
of control structures.

Numerical solutions of the well known St. Venant equations
for unobstructed reaches of a canal are obtained for continuous
flows by digital computer using both explicit and implicit
schemes; discontinuities (shocks) are studied by numerical solu-
tion of integral forms of the St. Venant equations expressing con-
servation of mass and momentum in finite volumes of space over
finite intervals of time.

Steady curvilinear flow in the vicinity of overfalls, spillways,
and gates is analyzed by potential-flow techniques which permit




exact expression of the boundary conditions as integral equations
describing the entire flow field. Waves enamating from a vertical
gate moving in its own plane are studied analytically and experi-
mentally.

Submerged, unsteady flow in the neighborhood of tainter
gates is studied experimentally by means of hydraulic models,

Separated flow in transitions is studied in air and water
models by investigating mean velocity patterns and distribution of
turbulence parameters,

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of California

2.0098, HYDRAULICS OF SURFACE IRRIGATION
7.5, STRELKOFF, Univ, of California, Agricultural Experiment
Sta, , Davis, California 95616

Objectives: To provide fundamentgal surface irrigation
design understanding through the investigation of the hydraulic
characteristics of surface flow by (1) further development of
mathematical models describing the flow in terms of the many
variables involved; (2) laboratory experiments for the description
and evaluation of component variables; and (3) ficld trails to test
the validity of mathematical equations and laboratory relations as
in 1 and 2 above.

Procecures: Develop mathematical models describing the
flow in terms of the many variables. Specifically, study the ad-
vance and profile of a water front moving over a dry bed and
through vegetation for steady and unsteady flow by developing
analytical solutions and testing these solution by laboratory ex-
periments. A numerical solution of the differential equation of the
motion of water into a wide, shallow vegetated channel will be in-
vestigated. An approach based on the method of characteristics
for solving equations of this nature appears to have promise. A
digital computer will be used. Experimental vertification of the
solution will be obtained by laboratory tests on artificial and real
vegetation in 1 and 4-foot wide flumes with adjustable siope.

SUPPORTED BY U.S. Dept. of Agriculture
California State Government

2.0099, IRRIGATION STUDIES WITH
WOLFSKILL EXPERIMENTAL ORCHARDS
K. URJU, Univ. of California, Agricultural Experiment Sta. ,
Davis, California 95616

Objectives: 1. Study of the relation of different irrigation
treatments on the growth and production of apricot trees. 2.
Study of the effect of subjecting some of the plots to dry soil con-
ditions for different lengths of time during different port’ ns of
the growing season. 3. Principal emphasis is being placed on the
study of irrigation after harvest, because of the early ripening.
The fruit matures most years before the moisture from the winter
rains is exhausted.

SUPPORTED BY California State Government

APRICOTS AT

2.0100, STUDIES ON THE MECHANISMS OF COMMUNI-
;(Y)N l§gl1!UCTURE AND SUCCESSION iN TEMPORARY
B.A. TRIBBEY, Fresno State College, Graduate School, Fresno,
California 93726

The proposed research wili investigate the fundamental
mechanisms of community structure and change utilizing the tem-
porary pond ecosystem and related laboratory experiments. Part
of the work will be based upon data obtained through field and
laboratory studies of temporary pond communitics in Central
Texas. Additionally, natural and semi natural temporary ponds
near Fresno, California, will be described and compared to earlier
findings. Field studies will measure environmental and inter-or-
ganismic relationships, providing a basis for controlled experi-
mentation. Laboratory work will emphasize causality. Proposed
experimental work will be designed to assist in determining: 1.)
The effect of temperature, light intensity, and photoperiod on
developing communities; 2.) the factors controlling algal mat for-
mation; 3.) the means by which a developing mat causes cor-
responding changes in communrity composition; 4.) the role of the
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chemical environment in controiling community composition; 5.)
the impact of new species on a stable community. Work will also
be performed on defined species systems to indicate: 1.) The rela-
tive importance of predation, competition, and chemical modifi-
cation in the elimination of early seral stages by later seral stages;
2.) the presence of reciprocal acceleratory effects between spe-
cies of similar seral stages; 3.) the importance of environmental
variation in determining the outcome of competition between re-
lated specics, Laboratory work will be based upon results ob-
tained from studies on natural communities.

SUPPORTED BY U.S. National Science Foundation

2.0101, CRATER LAKE
PROFILES

L.E. EGEBERG, U.S. Navy, Radiological Defense Lab. , Hunters
Point - San Francisco, California 94135 (AT(49-7)-3000)

The purpose of this project was to obtain temperature
profiles of Crater Lake. The data obtained will serve as basic in-
formation for several other projects devoted to soil and water
sampling analysis in connection with a broad program of world-
wide radioactive fallout assessment.

The lake is located in south-western Oregon in a sub-alpine
environment. It is approximately 5 1/2 mi. in diameter and 1932
ft. deep at its deepest point, There are no surface inlets or outlets
to the lake. The surface very rarely freezes and shen only for short
periods during extremely severe winters,

The profiles were obtained by lowering a platinum ther-
mometer through the water column and measuring the change in
electrical potential across the thermometer due to the lincar rela-
tionship between the temperature and the electrical resistance of
the thermometer. Corrections were made concurrently for
changes in the battery power supply and fluctuations in the re-
sistance of the thermometer lead wire due to changes in its tem-
perature. The absolute values of temperature are accurate to plus
or minus 0.1 degree C.

Four profiles were obtained to depths of 496 ft., 1916 ft., 43
ft., and 696 ft. The first two were taken 2 mi, south of Cleetwood
Cove; the third, 1 mi. south of Wizard Island; the fourth, 1 mi.
southwest of Llao Rock. All profiles were taken between 3 Au-
gust and 6 August 1967. Raw data reduction has not been
completed.

SUPPORTED BY U.S. Atomic Energy Commission

VERTICAL TEMPERATURE

2.0102, RESEARCH TO DETERMINE THE FEASIBILITY
OF NUCLEAR EXCAVATION

B.C. HUGHES, U.S. Army, Nuclear Cratering Group, Livermore,
California

The overall objective of this research program is to develop
the capability to employ nuclear explosive construction
techniques on civil works projects which involve large-scale
earthmoving or rock excavation. The three major activities being
accomplished under this research program are: (1) engineering
studies of project feasibility; (2) small- scale cratering experi-

ments; and (3) investigations of engineering properties of nuclear
craters.

The purpose of the engineering studies of project feasibility is -

to isolate problem areas, to develop those items which must be in-
cluded in a nuclear excavation design and to develop a basis
which can be used to adjudge the applicability of the use of
nuclear explosives to specific projects.

The small-scale cratering experiments are undertaken in
order to establish the design criteria for nuclear emplacement and
to obtain model data from which to predict the results of full-scale
nuclear events.

The objective of the engineering properties of nuclear craters
investigation program is to determine how a nuclear cratering ex-
plosion affects the immediate geologic environment and what will
be the resulting stability of the crater slopes and the effect on

other engineering aspects, such as foundation and utility design
for adjacent structures.
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SUPPCRTED BY U.S. Dept. of Defense - Army

2.0103, PRECIPITATION PATTERNS ON UPSTREAM
“;;}ATERSHEDS IN CENTRAL AND SOUTHERN CALIFDOR-
N
R.B. HICKOK, U S, Dept, of Agriculture, Lompoc, California
Objective: Improved prediction of precipitation parameters
affecting runoff and sediment production,
Plan of Work: Establish precipitation time-depth, arcal dis-
tribution, storm scquence, and fall-direction expectancy relations
to general and local climatic influences.

SUPPORTED BY U.S. Dept. of Agriculture

2.0104, PACIFIC OCEAN INFLUENCE UPON CALIFOR-
NIA RAINFALL

J. BIERKNES, Univ. of California, Graduate School, Los Angeles
-- U.C.L.A. , California 90024

In project research for the National Science Foundation car-
ricd on by the principal investigator it has been found that the
Pacific Gcean temperature varies more from year to year near the
equator than it does in adjacent arcas to the north and south, It
has also been demonstrated that the inter-annual variation in heat
and moisture input from the equatorial be!t of the oceans in the
few instances investigated does influence the global pattern of the
atmospheric cirzulation. On the basis of this experience it is tenta-
tively assumed that the variation of rainfall from year to year in
California, and other arcas around the Pacific Ocean, primarily
results from the variability of the water temperature at the equa-
tor,

It is planned to test this hypothesis by assembling maps of the
atmospheric circulation for all winter seasons during which equa-
torial water temperature measuremenis were carried out. Next,
the map types will be correlated on the one hand with equatorial
water temperatures and on the other with the historical rainfall
record in California.

The problem of estimating the yield of a rainy season on the

basis of atmosphere and ocean data, available before the rains
start, will be investigated. ’

SUPPORTED BY U.S. Dept. of Interior - O. Water Res, Rch
University of California

2.0105, EFFECT OF RANGE MANAGEMENT ON INFIL-
TRATION, RUNOFF, AND EROSION

R.H. BURGY, Univ. of California, Agricultural Experiment Sta. ,
Los Angeles - U.C.L.A. , California 90024

Develop improved devices and techniques for hydrologic stu-
dies. Determine relationships between precipitation intensity, ru-
noff rates, and erosion rates throughout range improvement pro-
gram. Develop formulas for estimating the magnitude of flood
discharge. Determine the effectiveness of new vegetation in con-
trolling erosion. Determine the effects of fire on infiltration rates
of soils. Determine hydrologic effects of various grazing practices
used in management programs.

Description of Work Los Angeles: Work is concerned with
the disposition of precipitation on watersheds, with erosion and
with dry creep. The work included in RRF W-32 is excluded.
Major emphasis, at the moment, is in development of techniques
to quantitatively evaluate subsurface flows, and plots, therefore,
have been established on the San Dimas Experimentai Forest,
Pacific Southwest Forest and Range Experiment Station, USFS.
Other laboratory studies concern evapotranspirational use of
water by various types of watershed vegetation,

SUPPORTED BY U.S. Dept. of Agriculture
California State Government

20106, HYBRID COMPUTER
GROUND-WATER BASINS .
W.J. KARPLUS, Univ. of California, School of Engineering, Los
Angeles - U.C.L.A. , California 90024

SIMULATION  OF

O S AT S R

The purpose of the proposed research is three-fold: the pri-
mary objective is to establish the feasibility of employing a spe-
cialized hybrid (analog-digital) computing technique for the
treatment of important mathematical and physical problems aris-
ing in ground-water polluticn control. To this end it is intended to
adapt a computational method developed at the University of
California, Los Angeles by canstructing a special network specifi-
cally applicable to ground water problems. The resulting model
then will be applied to several ground- water problems existing in
southern California. A seccnd more general purpose of the
rescarch is to develop the technical skills required for a long-
range attack on ground-water poliution problems. A subsidiary
objective of the program is to provide a training ground for doc-
toral and master’s engincering students so #s to assure a supply of
technical specialists adequately trained in the physics of ground-
water control and in computer technology.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of California

2.0107, PHYSIOLOGY GF MINERAL ACCUMULATION
IN PLANTS

O.R. LUNT, Univ. of California, School of Medicine, Los Angeles
— U.C.L.A. , California 90024 (AT(04-1))

Studies on the function of calcium in plants may provide in-
sight on plant distribution parameters in an arid ecosystem. The
ontogeny of cellular disorganization which occurs at low Ca levels
is being studied with the electron microscepe, and the electron
microprobe technique is being attempted for subcellular Ca anal-
ysis.

In scparate studies the response of various species, native to
the Mojave Desert, to water stress is being studied.’

SUPPORTED BY U.S. Atomic Energy Commission

2.0108, METEOROLOGJCAL ANALYSIS OF PRECIPITA-
’I{"III(E)IIJ“TSEFFECTS OF SWISS HAIL SUPPRESSION EXPERI-
M. NEIBURGER, Univ. of California, Graduate School, Los An-
geles - U.C.L.A, , California 90024

The attempt to identify the meteorological conditions which
were responsible for the marked differences in apparent effects
on precipitation of seeding when different forecasters selected the
operational days in the Swiss Kail Suppression project, including
the following: (1) Preparation of mean surface and upper air
weather maps for situations forecast by each forecaster and for
the seeded and unseeded days. (2) Grouping of surface weather
maps by types of pressure pattern and study of the relation
between types and seeding effects. (3) Evaluation of various
parameters characterizing the flow pattern, atmospheric stability,
humidity distribution, etc., and study of the correlation of these
parameters to precipitation and to apparent seeding effects.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.;:)109, ROADSIDE DEVELOPMENT AND BEAUTIFICA-
TION
UNKNOWN, Univ. of California, Graduate School, Los Angeles -
U.C.L.A. , California 90024

Vegetation management practices are being developed and
improved to control erosion, provide ground cover and to en-
courage native species. Guide lines are being developed for
evaluation and effective utilization of aesthetic elements in the
highway environment. The ¢ffects of deicing compounds on water
supplies and vegetation are being determined.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
California State Government

2.0110, A COMPARATIVE STUDY OF SODIUM TRANS-
LOCATION IN PLANTS ,
A. WALLACE, Univ. of California, School of Engineering, Los
Angeles - U.C.L.A. , California 90024

The major objective of this study is to elucidate the
mechanism(s) and/or further characterize the process by whick a
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large number of, but not ali, plant species transport water which is
almost free of sodium fre:n roots to shoots while simultaneously
remaving large quantities of sodium from the water and retaining
the sodium in the roots. A secondary objective is to study
physiologicai aspects of the adaptability and tolerance ofi@fferent
plants to saline habitats. Tobacco is a species which has a strong
root pressure exudation from detopped plants and one in which
relatively laige quantities of solution are exuded which can easily
be collected and analyzed. Under certain conditions such plants
can be placed into very saline solutions and exude large quantities
of solution essentially free of sodium. We propose to use tobacco
for a portion of the present studies. Electrochemical potentials
between exudates and external solution will be measured accord-
ing to the methods of Bowling and concentrations of individua)
ions in the external sclution and exudate will be determined by
standard procedures. A wide variety of external solutions for
bathing roots of detopped tobacco will be used including single
sait and double salt sclutivns of different concentrations and full
nutrient solutions at different temperatures. Inhibitors of
metabolism including ATPase irhibitors, electron trancport in-
hibitors, and uncouplei.. of oxidative phosphorylation will be stu-
died. The amount of sodium appearing in the exudate will be
monitored on an hourly basis in many of the studies. This is im-
portant because of the fact that a detopped plant has a fixed
amount of energy reserves and we already know that sodium
translocation to shoots is intimately related to metabolism. We
hope from all these data to construct a mathematical and/or
biochemical model for translocation of sedium from roots to
shoots of at least this one species. For contrast, a series of studies
will be made on some of the Atriplex species which readily trans-
locate sodium from roots to shoots.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

20111, SOIL TEMPERATURE AS A CRITERION FOR
ALLOCATING WATER SUPPLY FOR CROP USE

A. WALLACE, Univ. of California, Water Resources Center, Los
Angeies - U.C.L.A. , California 90024

Responses of different plant species to different soil tempera-
tures at limiting soil moisture is being explored. Since water
requirement in terms of amount of water needed for production
of a unit weizht of plant material sometimes increases with in-
creasing scil temperature, it can be expected that when soil
moisture becomes limiting plant growth can, within limits, be
better for areas where soil temperature is not extremely high. The
study is being made to evalute this concept and to define the
limits for which it could be valid. The information is important to
those responsible for decisions concerning mass movement of
water suppiies from one locality to another.

Plants are being grown in soil in containers in existing tem-
perature controi tanks so that soil temperature can be varied from
less than 50 degrees Fahrenheit te over 100 degrees Fahrenheit.
Soil moisture levels are being varied and monitored by daily
weighing of pots so that un:form soil moisture conditions can be
maintaiied at different temperatures. Steps will be taken to
minimize evaporation from the soil surface as a variable factor.
Species that do well under arid conditions are being compared
with species that do not do well under arid conditicns. Sandy soils
are being compared with clay soils. Plant growth and transpira-
tion measurements are being made to assess the effects of soil
temperature. Some native desert species are proving to be of con-
siderable interest.

SUFPORTED BY U.S. Dept. of Irterior - O. Water Res. Rch
University of Califernia

2.0112, TRITIATED WATER STUDIES OF THE SIG-
NIFICANCE OF DEW AND VAPOR IN PLANT WATER
ECCNOMY
A. WALLACE, Univ. of California, Water Resources Center, Los
Angeles - U.C.L.A. , California 90024

The contribution of water vapor and dew to the water econo-
my of plants un fer arid conditions and when soil moisture is limit-
ing is being explored. Such information may make it possible to
better select plant species for specific purposes in specific areas to
minimize the need for irrigation. Water supplies could, therefore,
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be conserved if necessary. The use of tritiated water as a
technique for evaluation of vapor and dew is being used on a
limited basis. Exchange of vapor water with leaf water and free-
surface water presents a problem to its use. Other methods are
being used for the evaluation of vaper and dew use including the
assessment of apparent water use per unit of dvy matter produc-
tion.

The kinetics of water absorption by leaves from a tree-water
surface by different species grown under conditions to give vary-
ing water potential will be measured. The conditions include: salt
content, varying soil moisture, day vs. night, and physiological
stresses on plants such as phosphorus deficiency.

Water vapor absorption by leaves of plants is heing studied at
different levels of relative humidity and at varying leaf potential
conditions as listed above.

The physiological effects on plant behavior of water
availablity as dew and/or vapor through leaves is being explored.
Growth measurements will be detailed.

SUPPORTED BY University of California

2.0113, THE STABILITY OF WATER FLOWS OVER A
HEATED OR COOLED SOLI) SURFACE

A.R. WAZZAN, Univ. of California, School of Engineering, Los
Angeles - U.C.L.A. , California 90024

This is a study of the effects of either heated or cooled walls
upon the stability of water flows over solid surfaces. The optimum
rate of heating for increased stability is to be determined as a
function of free stream temperature and wall temperature.

The stability of laminar boundary layer is sensitive to the
pressure gradient. Adverse pressure gradients have a destabilizing
effect on the boundary layer which can possibly be countered
with laminarization by heat transfer into the bcundary layer.
Boundary layer velocity profiles will be¢ determined and com-
pared with the isothermal Blasuis profite particularly in the region
of the neutral stability profile. The magnitude of the total stabiliz-
ing effect of the heat transfer will be determined through com-
parison of amplification rates for each profile.

SUPPORTED BY U.S. National Science Foundation

2.0114, STUDIES OF TRANSPIRATION LOSSES
J.W. BAILEY, U.S. Dept. of Interior, Geological Survey, Menlo
Park, California

Make studies of transpiration losses through native vegeta-
tion to determine, by use of evapotranspiration tanks and other
means, the quantity of water annually consumed by the different
species of phreatophytes at selected locations, the quantity, and
quality salvageable by elimination or control of these
phreatophytes, and related data. Phreatophytes studied are Sar-
cobatus spp. (Greasewood), Chrysothamnus * pp. (Rabbit brush),
Salix spp. (Willow}, and Rosa spp. (Wild Rose ). Water is applied
through underground pipes and evapotranspiration losses are me-
tered throughout the year.

SUPPORTED BY U 3. Dept. of Interior - Bu. Reciamation

2.0115, GENCHEMICAL CONTROLS OF WATER QUALI-
TY
I. BARNES, U.S. Dept. of Interior, Water Resources Division,
Menlo Park, California

Reactions between water and minerals in near surface en-
vironiments are being studied as apparent controls or the natural
water compositions. The properties of surface and ground waters
are determined by chemical analysis and electrochemical poten-
tial measurements (Eh and pH, for example) in the field. The pro-
perties of the water are then described with reference to equilibri-
um states between the water and possible coexisting phases.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0116, DETERMINATION OF CHANNEL CAPACITY OF
THE MERCED RIVER, TALIFORNIA

J.C. BLODGETT, U.S. Dept. of interior, Water Resources Divi-
sion, Menlo Park, C:lifornia

1-39

T MY TR U 55 R B . B B S e e




S TR

Study the distribution of specific trace elements in relation to the
distribution of organic matter. 4) Survey the distribution of pesti-
cides in sediment in relation to depositional environment and
depth in sediment. 5) Study abundance and composition of or-
ganic matter thought to be of prime importance in the ernigineer-
ing properties of sediment. 6) Study the composition of selected
geochemical constituents with depth in sediment in relation to
source and subsequent alteration of organic matter.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0124, HYDROLOGY OF HUNGRY HORSE RESERVOIR
MONTANA

M.I. RORABAUGH, U.S. Dept. of Interior, Geological Survey,
Menlo Park, California

Operation of the Hungry Horse Reservoir, Montana revealed
the need for determining more accurately the volume of water, in-
cluding bank storage, available for power production, and need
for forecasting reservoir inflow during the lowflow season.

The program has included: collection of data to define the
components of inflow and outflow with sufficient accuracy to
determine the hydrologic parameters of the reservoir, analysis of
the components of the water budget to improve procedures for
forecasting reservoir inflow volumes during the lowflow period;
and the further testing of techniques for expressing the relation-
ship between ground-water storage and stream runoff.

Discharge records were collected at over 30 sites in the area,
Stage records were obtained at the upper and lower ends of the
reservoir. Stage and water temperature measurements were ob-
tained from 6 groundwater wells around the reservoir. Evapora-
tion from the reservoir was determined by an energy-budget stu-
dy. Radiation and meteorological data were collected at the dam.,
Two raft stations furnished water-surface temperature and wind
velocities. Thermal profiles were measured at 23 locations in the
reservoir and at the raft stations. Additional precipitation data
were collected at 3 other sites around the reservoir. Project
started July 1964; scheduled for completion fy 1969.

SUPPORTED BY U.S. Dept. of Interior - Bonnvl. Pwr. Adm.

2.0125, UNSATURATED FLOW THEORY APPLIED TO
DRAINAGE AND INFILTRATICN

J. RUBIN, U.S. Dept. of Interior, Water Resources Division,
Menlo Park, California

The objective of this is to study critically the applicability of
the current theory of fluid flow through unsaturated porous media
to the phenomena of drainage and infiltration, with a view of
facilitating this theory’s utilization in the analysis of ground water
flow and runoff problems.

Utilizing the current isothermal unsaturated flow theory,
carry out mathematical analysis which makes it possibie to pre-
dict soil moisture movement under a variety of initial and bounda-
ry conditions. Study conditions which can be utilized for examing
the soundness of theoretical foundations and those which are per-
tinent to the hydrologic phenomena of interest. Test in the labora-
tory the theoretical results obtained. In later phases, start
deveioping means for testing and utilizing the theory under con-
sideration in the field.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0126, INFLUENCES OF WATER-SEEPAGE CHARAC-
TERISTICS ON THE COMPOSITION OF EXCHANGEABLE
PORE-WATER SOLUTES

J. RUBIN, U.S. Dept. of Interior, Geological Survey, Menlo Park,
California

Quality of ground waters often is significantly affected by the
solute composition of the recharging seepage. The theoretical
tools needed for analyzing and predicting such influences are im-
perfectly developed.

The first phase of the project will involve a study of the ef-
fects of soil moisture content upon cation excharge processes
which take place during seepage through water unsaturated soil
columns. Interpretation of the results obtained might be aided by
supplementary studies of thin film flow on large cyrystals of clay-
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like minerals and of seepage through clays at various degrees of
consolidation.

The second phase of the project will involve theoretical and
experimental studies of two-dimensional, exchange-affected
dispersion of cations during steady-state flow of solutions through
water-saturated slabs of earth materials.

The last phase of the project will involve theoretical and ex-
perimental investigaiions of cation dispersion during one-
directional seepage, the dispersion being affected by two interde-
pendent chemical reactions.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0127, WATER QUALITY AND NUTRIENTS, SACRA-
MENTO-SAN JOAQUIN RIVER SYSTEM
W.D. SILVEY, U.S. Dept. of Interior, Water Resources Division,
Menlo Park, California

This research is part of the program of water resources in-
vestigations conducted by the U.S. Geological Survey in coopera-
tion with the State of California. The total project is to provide
the knowledge needed to avoid excess blooms of tidal plankton
and undesirable concentrations of dissolved oxygen by determin-
ing the relationships between nutrients, tidal plankton, dissolved
oxygen, and fish in this estuarian environment. The water quality
aspects of the study includes source and concentration of both or-
ganic and inorganic constituents in waters in the delta system
together with pertinent physical characteristics.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
California State Government

2.0128, RESEARCH IN LIMNOLOGY - INTERRELA-
TIONS OF HYDROLOGY AND AQUATIC ECOLOGY

K.V. SLACK, U.S. Dept. of Interior, Water Resources Division,
Menlo Park, California

Biological proccsses are among the major controls on the
quality of natural waters. Organic control on solute concentration
occurs in two ways: substances enter or leave solution either as
the results of changed physico-chemical conditions in the water,
or as the results of physiological processes within living cells or at
their boundaries.

The work is divisible into three related phases:

Phase 1. Stream Limnology. a. The effect of stream-bed
algae on 'water quality will be studied in flowing-water cultures
(iaboratory streams) in which temperature, light intensity, flow
rate, water composition and algae species can be controiled. The
first problem being studied is the uptake and release of combined
inorganic nitrogen by mixed populations of stream algae. b. In-
vestigation of the physical, chemical and biological properties of
different types of natural streams will continue. The emphasis will
be on the interrelations of the biota and water quality.

Phase 2. Lake and reservoir limnology. a. Effects of reservoir
destratification. The hydrologic effects of destratification will be
studied experimentally by isolating portions of a stratified reser-
voir in polyethylene cylinders extending from the water surface to
the bottom. b. Environmental controls on phytoplankton popula-
tions. This will combined the results of field investigation with
controlled laboratory studies of static and flowing cultures of
nuisance species of algae.

Phase 3. Ecological role of natural organic compounds in
water. The particular emphasis wiill be on the identification of or-
ganic compounds which influence biological activity in natural
waters.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0129, VERIFICATION OF MASS-TRANSFER AND PAN
EVAPORATION RELATIONSHIPS FOR LARGE LAKES
AND RESERVOIRS (SALTON SEA, CALIFORNIA)
A.M. STURROCK, U.S. Dept. of Interior, Geological Survey,
Menlo Park, California

The objective is to determine if existing mass-transfer and
pan evaporation relationships can be used to estimate evapora-
tion from large lakes. The control will be the water-budget and
energy-budget methods. Areal variations in solar and atmospheric
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radiation will be measured, thermal surveys will be conducted,
and conductivity measurements will be made to define the effect
of salinity on saturation vapor pressure.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0130, CRITERIA FOR PUBLIC INVESTMENT IN NAT"-
RAL RESOURCES

K.J. ARROW, Stanford University, Graduate School, Palo Alto -
Stanford, California 94305

Significance; One of the most debated aspects of natural
resource conservation and development is the measurement of
costs and returns from investment in resources over time. These
investments involve returns to future generations and by public as
well as private organizations. Much of the debate has taken the
form of an argument over the rate of interest to be applied in
discounting futurc benefits from a current investment, A dif-
ference of one per cent in the interest rate applied can alter very
greatly the estimate of future returns to be compared with current
and future costs. There is no other single factor of such crucial
importance to the determination of what consititues optimum in-
yestment in natural resources. A fairly large body of literature ex-
ists on this subject, including a number of quite recent studies by
competent economists. These contain many disagreements of
varying significance. A study which would bring this whole issue
into focus and lead to its resolution would be of inestimable value.

Specific Aim: To synthesize the large body of literature on
criteria for public investment and to arrive at a statement of the
necessary and sufficient conditions under which government
should undertake an expenditure, the fruits of which are deferred
to the future,

Method of Procedure: The study involves primarily library
research and analysis, much of which would be of a theoretical
nature. Professor Arrow would be assisted by several research
assistants in the examination of existing literature while he would
concentrate on the new and creative aspects of the endeavor.

SUPPORTED BY Resources For The Future Incorporated

2.0131, MATHEMATICAL SIMULATION OF CYCLIC
SEDIMENTATION
J.W. HARBAUGH, Stanford University, Graduate School, Palo
Alto - Stunford, California 94305

OONO SUMMARY HAS BEEN PROVIDED TO THE
SCIENCE INFORMATION EXCHANGE

SUPPORTED BY U.S. Natijonal Science Foundation

2.0132, A STUDY OF PROBLEMS RELATED TO WIND-
GENERATED WAVES
R.L. STREET, Stanford University, Schoo! of Engineering, Palo
Alto - Stanford, California 94305

This research will compiement theoretical analyses and ex-
tend a previous investigation of wind-generated waves. Specific
programs to be covered during the course of this research are: 1.
Investigations of the characteristics of a turbulent boundary layer
over a progressive wavy surface. 2. Investigations of the interac-
tions between the perturbation velocity and natural free-stream
(or background) turbulence. 3. Measurements of normal pres-
sures over wind-generated waves.

SUPPORTED BY U.S. National Science Foundation

2.0133, CRITERIA FOR THE DESIGN OF SMALL CRAFT
HARBORS
R.Y. HUDSON, Calif. Inst. of Technology, Graduate School,
Pasadena, California 91109

The objective of this study is to develop design criteria for
small-craft harbors by theoretical and experimental research on:
(a) response of small vessels, moored to floating docks and piers,
to the action of short-period wind wages and seiches; (b) response
characteristics of various harbor shapes and dimensions reiative
to wave period and wave absorbing characteristics of the perime-
ter walls to waves entering the harbor; (c) the design of protective
works (offshore and inshore breakwaters, overlapping jetties,

wave resonators, wave traps, etc.) to reduce wave energy entering
the harbor, and develop criteria for selection of harbor-entrance
plans for waves at start of storm.

By contract with California Institute of Technology, a report,
‘Wave-Induced Oscillations of Small Mcored Vessels,' by F.
Raichlen was completed. This report is concerned with the
response of small vessels moored to fixed docks.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0134, GEOCHEMICAL STUDIES WITH STABLE AND
RADIOACTIVE ISOTOPES
R.P. SHARP, Calif. Inst. of Technology, Graduate School,

Pasadena, California 91109 (AT(04-3)427)

The work proposed for 1968 involves the geochemical dis-
tribution and behavior of various isotopes in natural systems.
Some of these isotopes are the product of currently active
radiogenic systems and processes; others are the product of
atomic processes long since dead. All are useful for determining
what has happened to natural systems and under what conditions.

This next year considerable attention will be directed to the
thorium-uranium-lead system. Besides using it as a tool for
geochronological determinations, investigations of the vagrancies
of the system and its susceptibility to changes in environmental
conditions are to be made. The aim is to improve the reliability
and versatility of this system for use in solving geological
problems. The Th-U-Pb system will be investigated in the field
through study of carefully selected rock bodies of similar age but
different environmental histories, by comparisons with other
radiogenic isotopic systems in these rocks and in individual
mineral specimens therein, and by means of laboratory experi-
mentation on selected natural specimens.

Oxygen, hydrogen, and carbon isotopes are abundant and
widely distributed elements in most inorganic and organic earth
materials. Variations in the ratios of these isotopes, for example,
018/016,D/H, C13/C12, give useful information on the environ-
mental conditions under which substances containing them
formed. They also provide a means of «¢termining alterations in
such materials subsequent to their formation.

We anticipate a better understanding of the Th-U-Pb systems
that will enhance its use in geolcgical and geochemical investiga-
tions. We hope to get an historical perspective on atmospheric
pollution. We anticipate improved use of oxygen, hydrogen, and
carbon isotopes in determining the ~onditions and sites of mineral
and rock origin and subsequent alteration.

SUPPORTED BY U.S. Atomic Energy Commission

2.0135, GROUND WATER RESEARCH

W.E. STEINER, U.S. Dept. of Agriculture, Riverside, California
The U. S. Department of Agriculture, Agricultural Research

Service, on a matching fund basis with the California Department

of Water Resources performs research on artificial recharge of

ground water, including quantity and quality factors. Specific cur-

rent studies include: field and laboratory investigations of ground

water mound build-up and dissipation, and study of mechanism of
clogging in recharge ponds and effects on intake rates.

SUPPORTED BY California State Government
U.S. Dept. of Agriculture

2.0136, COOPERATIVE EVAPOTRANSPIRATION
RESEARCH
W.E. STEINER, U.S. Dept. of Agriculture, Riverside, California
The Agricultural Research Service, on a matching fund basis,
conducts research on correiations of evapotranspiration with cli-
matic factors, particularly in regard to the contributions of direct
and advective radiation energy to the evapotranspiration process,
under coastal climatic conditions at Lompoc, in Santa Barbara

County, and under desert conditiuns at Brawley, in Imperial
County.
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SUPPORTED BY California State Government
U.S. Dept. of Agriculture

2.0137, IRRIGATION STUDIES WITH VEGETABLES
G.H. CANNELL, Univ. of California, Agricultural Experiment
Sta. , Riverside, California 92502

To formulate better criteria for programming irrigation of
vegetables. Factors considered in relation to irrigation are: soil
physical properties, fertilizers, and soil salinity. Water require-
ments for various vegetable crops in a range of environmental
conditions will be made.

Little technical information on the effects of irrigation on
vegetable crops has been reported for southern California. With
irrigation water becoming a high-cost factor in vegetable produc-
tion in certain areas and with the prospect of higher costs, less
water, and water of poorer quality, studies in water use and salt
effects from irrigation are thus imperative.

While irrigation based on soil-water relations is basic, a more
general approach to measurement of effects in the plant as well as
those in the goil will be included as part of this study. Improve-
ment of existing equipment and designing of new devices for the
measurements mentioned are being carried out in these studies.

SUPPORTED BY California State Government

2.0138, IN DESERT
WATERS

L.H. CARPELAN, Univ. of California, Graduate School, River-
side, California 92502 .

This is a renewal of GB-3500 for the completion of studies of
desert limnology. Field studies are concerned with the distribu-
tion and survival of branchiopods in semi-permanent desert
waters (dry lakes), the productivity of the dry lakes, and respira-
tion of the branchiopods. The aim is an analysis of the energetics
of this very difficult environment.

SUPPORTED BY U.S. National Science Foundation

DISTRIBUTION OF DIATOMS

2.0139, MOISTURE CONTROL AND ITS RELATION TO
gggll;lsJRAL PRACTICES FOR CITRUS, TREE, AND VINE
W.W. JONES, Univ. of California, Agricultural Experiment Sta. ,
Riverside, California 92502

Objectives: (1) To measure the response of the tree to water
application based on soil moisture suction or other indices of soil
moisture status. Evialuation of the interactions between soil
moisture, climate rootstocks, fertility and other cultural factors
will receive special emphasis. (2) To evaluate various techniques
and methods of applying water to the soil. Emphasis will be given
to studies concerned with the possibiiities and implications of au-
tomation in irrigation. (3) To evaluate morphological and
physiological responses of trees to soil moisture variables both for
newly planted trees and producing trees. (4) To evaluate the
moisture flow characteristics of various soils in relation to effi-
cient irrigation application.

DESCRIPTION CGF WORK - Soil moisture movement and
availability in different soils will be studied in relation to moisture
tension in both orchards and the greenhouse. The orchard experi-
ments will be carried out ii specific soil and climatic areas of the
State to obtain information ‘representing a wide range of condi-
tions. Work will be conducted in university controlled land and
on privately owned orchards.

SUPPORTED BY U.S. Dept. of Agriculture
California State Government

2.0140, CHARACTERIZATION OF SOIL NONWETTA-
BILITY AND THE DEVELOPMENT OF CRITERA FOR THE
MOST ECONOMIC TREATMENT OF THESE SOILS

J. LETEY, Univ. of California, School of Agriculture, Riverside,

California 92502
Soils which repel water and are commonly referred to as non-
wettable soils have been reported in many areas of the world.

o T nn s e R

2. WATER CYCLE

Large percentages of areas burned by forest fires exhibit non-
wettable soils. Nonwettable soils can be treated with wetting
agents 10 make them wettable and increase water infiltration.

The proposed research will involve developing criteria to
predict the most effective and economic freatment of a nonwetta-
ble soil with wetting agent to increase water movement through
the soil. The necessary parameters will be measured and pre-
dicted water infiltration will be compared with calculated values.
The parameters to be measured are: critical surface tension of
soil, wetting agent adsorption by soil, wetting agent concentration

relationship with solution surface tension, and depth of soil af-
fected.

The release of surfactants by soils as affected by various fac-
tors will be investigated to predict the longevity of a surfactant
treatment and to provide estimates of possible long-range ground
water contamination.

A field survey will be undertaken to gain a better evaluation
of the extent of nonwettable soils.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
, University of California

2.0141, THE ROLE OF SOIL WETTABILITY AND
TREATMENT WITH WETTING AGENTS ON WATER
MOVEMENT AND SOIL PHYSiCAL PROPERTIES.
J. LETEY, Univ. of California, Agricultur~! Experiment Sta. ,
Riverside, Californiz 92502

A study is proposed to investigate the effect of wettability
and treatment with wetting agents on physical conditions of and
water movement in soils. The nature of the organic substances
causing reduced wettability, and the influence of texture, type of
clay, and types of microbial population on soil wettability will be
investigat The absorption, replacement, and leachability of
wetting agents will be studied to determine most effective treat-
ment practices and probable duration of beneficial effect. The ef-
fect of wettability and treating with wetting agents on structure,
soil strength, and particle arrangement will be studied because
these factors also influence water flow. The results of the
proposed research will assist in the proper incorgoration of soil
wettability in the hydrologic cycle.

SUPPORTED BY California State Government

2.0142, MOISTURE CONTENT OF  VARIOUSLY
TREATED CHAPARRAL SCILS IN RELATION TO
SEEDLING ESTABLISHMENT OF ADAPTED PERENNIAL
GRASSES
C.M. MCKELL, Univ, of California, Agricultural Experiment Sta.
, Riverside, California 92502

To study soil moisture depletion patterns and plant develop-
ment on hand-cleared, herbicide-sprayed, and untreated plots of
chaparral. To investigate the establishment and growth of desira-
ble replacement ground cover species.

Gypsum soil-moisture blocks buried at 12, 24, and 36 inches
in three different locations in Southern California will provide a
monthly pattern of soil moisture use on 40’ x 40’ plots of variously
treated chaparral. Additional cleared and non-cleared sites will

provide for studies of seedling establishment and plant develop-
ment in relation to soil moisture availability.

SUPPORTED BY California State Government

2.0143, INTERRELATIONS BETWEEN THE SUPPLY, UP-
’\I?‘VITAKT% AND USE OF INORGANIC NUTRIENTS AND
R

J.J. OERTLI, Univ. of California, Agricultural Experiment Sta. ,
Riverside, California 92502

Objectives: 1. Investigate relationships between soil and
plant moisture conditions and the availability, uptake, and func-
tion of inorganic nutrients. 2. Investigate relationships between
nutritional conditions and the availability, uptake, and use of
water.

Description: Investigations in plant nutrition in the laborato-
ry and in the greenhouse.
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SUPPORTED BY California State Government

2.0144, LYSIMETER INVESTIGATIONS OF GAINS AND
LOSSES OF MINERAL ELEMENTS

P.F. PRATT, Univ. of California, Agricultural Experiment Sta. ,
Riverside, California 92502

Study, under the controlled conditions possible with lysime-
ters, the effect of treatment of soils with fertilizers and other
chemicals and irrigation waters on the gains, losses, balance, and
trend of all of the important mineral elements of soils, to study the
effect of lung-term nse of chemicals and waters on crop yields,
and crop yield trends in relation to the chemical, physical, and
biological properties of soils. Specific objective of work of im-
mediate future is to study the effects of acid, neutral, and al-
kaline-forming nitrogen fertilizers, cropping and irrigation on
yields, properties of soils, and gains and losses of mineral cle-
ments in the soil or added to the soil.

Description of Work: Two crops are grown each year on four
different soils fertilized with three different nitrogen fertilizers.
The crops are harvested, weighed and analyzed so that depletion
by cropping can be calculated. Samples of all fertilizers and water
added to the soils are analyzed to determine the elements added
in these materials. At least once each year the soils are leached,
the volume of leachate measured and a sample analyzed. Thus,
the losses and/or accumulations of fourteen elements are being
?ea'uii.ured and related to soil type and to the source of nitrogen
ertilizer.

SUPPORTED BY U.S. Dept. of Agriculture
California State Government

2.0145, PHYSICAL, CHEMICAL AND MICROBIOLOGI-
CAL FACTORS AFFECTING THE DISCHARGE OF WATER
INTO DRAIN TILE

S.J. RICHARDS, Univ. of California, School of Agricuitre,
Riverside, California 92502

Numerous observations have indicated that tile drainage
systems have failed, some of them due to combinations of chemi-
cal and microbiological factors. It is proposed to set up model stu-
dies drain tile outflow boundaries while imposing physical, chemi-
cal, and microbiological variables.

Soil and environmental conditions will be patterned after
field and model studies relating to the role of soil particles in
plugging drainage tile joints. Any leads found in preventing the
plugging of tile will be applied to life-size models and field experi-
ments.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of California

2.0146, SOIL PHYSICAL CONDITIONS IN RELATION TO
IRRIGATIO

S.J. RICHARDS, Univ. of California, Agricultural Experiment
Sta. , Riverside, California 92502

Develop and improve techniques for characterizing and mea-
suring soil physical properties. Evaluate the factors which affect
water entry and movement in soils. Evaluate the factors which af-
fect aggregation and aggregate stability.

Description of work: Measure unsaturated water conductivi-
ty of soils over wide ranges in soil suction. Develop and calibrate
instruments for measuring soil moisture conditions in terms of soil
suction in the range 1 to 10 bars. Develop laboratory techniques
for evaluating soil structure and correlate these techniques with
field and plot irrigation management. Use compacted bulk densi-
ty and hydraulic conductivity as indices to evaluate the effects of
chemical amendments and of soil improving practices being car-
ried out in cooperative trials with growers and farm advisors.
Evaluate and improve methods of measuring water retention by
soils and soil mixes. Measure oxygen requirements for soil aera-
tion and evaluate soil aeration under irrigation practices where
leaching is required. Under commercial practices, compare fur-
row and sprinkler irrigation of citrus in terms of fruit sizing and
leaf analyses.

New laboratory and field procedures are being developed for
aggregate analysis and characterization of aggregate stability, and
factors affecting same,

SUPPORTED BY U.S. Dept. of Agriculture
California State Government

2.0147, FACTORS INFLUENCING THE FLOW OF SUB-
SOIL WATER IN THE IMMEDIATE PROXIMITY OF, AND
INTO DRAINAGE FACILITIES
S.J. RICHARDS, Univ. of California, Agricultural Experiment
Ssa. , Riverside, California 92502

Objectives: 1. Determine the combination of soil grain sizes
most likely to plug a tile joint. 2. Investigate a wider variety of
filter materials which might be used in practice to reduce tile joint
plugging. 3. Look for other soil factors (physical, chemical, or
microbiological), in the model studies which might give further
leads relative to the general problem of ineffective tile drainage in
the Coachella Valley.

Work Proposed: 1. Working primarily at UCR but with soil
and filter material initially from the Coachella Valley, set up
model drainage systems approximately 2’ x 2’ x 3’ in size. Evalu-
ate the tendency for joint plugging by head loss measurements
under measured flow rates. Study the plugging potential of vari-
ous soil separates and soils of varying structural and mineralogical
status. 2, Measure water conductivity and compaction properties
of typical soils from the Valley to determine whether these factors
can be eliminated in relation to the drainage difficulties. 3. When
justified on the basis of preliminary experiments, use radioactive
tracer techniques to tag soil particles and study their movement
under controlled model conditions.

SUPPORTED BY U.S. Dept. of Agriculture
California State Government

2.0i48, SOIL-MOiSTURE-PLANT
AVOCADO TREES

S.J. RICHARDS, Univ. of California, Agricultural Experiment
Sta., Riverside, California 92502

Objective: Evaluate soil water conditons as a factor in the
growth, vigor, and production of avocadoes, and cooperate in the
evaluation of the interactions of soil moisture and air temperature
with nitrogen fertilization and root rot diseases.

Work Proposed: Modify treatments on Hnas avocado trees,
CRC 20C, to investigate automatic irrigation and air temperature
amelioration during peak temperatures in summer. Establish ir-
rigation and nitogen fertilization treatments on plots, Field 4, at
the South Coast Field Station to evaluate their effects on Bacon
avocado trees. In greenhouse and lathhouse experiments, study
layer soil conditions to explain the lack of normal root growth in
‘sandy' type soils.

SUPPORTED BY California State Government

RELATIONS OF

2.0149, A STUDY OF THE PRIMARY PRODUCTIVITY
OF NEW AND OLDER RESERVOIRS
R.R. RAWSTRON, State Dept. of Fish & Game, Sacramento,
California

Premises; Decreasing primary productivity has been blamed
for declines in fish population during the years following im-
poundment. Merle Coliins Reservoir (Virginia Ranch Reservoir)
is a newly impounded water and offers an opportunity to discover
and follow the changes in primary productivily (represented by
algae production) which may occur. An attempt will be made to
associate these changes with changes in fish produstion there.

Water withdrawal and climatic conditions affect limnologicai
conditions in large reservoirs; these in turn may affect fish
production. Folsom Lake water is generally withdrawn from near
the lake surface, whereas Merle Collins has a bottom outlet.

Procedure: Limnological variables including dissolved ox-
ygen, total alkalinity, total organic matter content, temperature,
pH, conductivity, and primary productivity as radioactive carbon
(C14) uptake will be measured weekly during March through Oc-
tober and biweekly during the remaining menths at both Folsom
Lake and Merle Collins Reservoir. One station has been
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established at each water. Limnological data collection will cease
on June 30, 1967, at Folsom Lake. Three years of comparable
data will be available at that time.

If detectable changes in primary productivity and other
limno- logical variables do occur, these changes will be compared
to help test the theory that the decline in fish production is related
to changes in primary productivity. ‘

Climatic and water withdrawal data for Foisom Lake will be
taken from Bureau of Reclamation records. Brown’s Valley Ir-
rigation District and Weather Bureau records will supply identical
information for Merle Collins Reservoir.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
California State Government

2.0150, DISPOSAL OF SURFACE WATER

UNKNOWN, State Div. of Highways, Sacramento, California
Design criteria is to be established for disposal of water from

surface runoff by infiltration within the highway right-of-way,

with development of test procedures for determining rates of infil-

tration.

SUPPORTED BY California State Government,
U.S. Dept. of Transportation - Public Rds.

2,0151, RESERVOIR SYSTEM ANALYSIS FOR LOW-
FLOW REGULATION

L.R. BEARD, U.S. Army, Engineer District, Sacramento, Califor-
nia 95814

Increase in development of river basins and increasing
emphasis on coordinated development produce new problems of
devising and coordinating the operation of a large number of pro-
jects to provide a large number of services. Traditional means of
analyzing operation of a single reservoir or a pair of reservoirs for
several purposes fail by sheer weight of computation require-
metits when applied to comprehensive basin and interbasin
development. First essential step in solution of this problems was
adaptation of existing procedures and new techniques to elec-
tronic computer.

Analysis techniques previously developed have been re-
formed and extended to constitute a basic computer package,
which includes a framework for economic evaluation of system
output. Optimization routines will be included in the package as
such techniques are developed.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0152, LAND SUBSIDENCE STUDIES IN THE SAN
JOAQUIN VALLEY
J.F. POLAND, U.S. Dept. of Interior, Water Resources Division,
Sacramento, California 95814

Objectives of this project are to study the extent, magnitude,
rate, and causes of land subsidence in the San Joaquin Valley,
Calif., to furnish criteria for estimating the amount of subsidence
that v ould occur under assumed hydrologic change, to determine
whether subsidence is reversible in part, and to suggest ways for
stopping or ameliorating subsidence.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0153, MECHANICS OF AQUiIrER SYSTEMS
J.F. POLAND, U.S. Dept. of Interior, Water Resources Division,
Sacramento, California 95814

The objectives of this project are to determine the principles
controlling the deformaticn (compaction or expansion) of
aquifers or aquifer systems resulting from change in grain-to-grain
load, caused chiefly by change in internal fluid pressure; to extend
existing lcaky- aquifer theories to multi-layered aquifer-aquitard
systems so that pumping test techniques can be used to obtain
meaningful hydraulic coefficients in heterogeneous alluvial
deposits; and to appraise the meaning and utility of the coefficient
of storage as derived from short-term aquifer tests in relation to
long-term values for aquifer systems that have undergone sub-
stantial compaction; also the change in the coefficient of storage
in compressible acquifer systems as a result of change in
hydrologic environment.

2. WATER CYCLE
SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0154, SMALL-SCALE CIRCULATIONS OF THE SAN
FRANCISCO BAY AREA

A. MILLER, San Jose Siate College, Graduate Schuol, San Jose,
California95114

The objective of the proposed research is to design and carry
out specific experiments in atmospheric dynamics in the lower
San Francisco Bay region. Physical-mathematical models will be
developed of the following phenomena: (1) the sea breeze
beneath an inversion; (2) waves within the inversion; (3) forma-
tion, oscillations and dissipation of jets within the inversion layer;
(4) exchange processes betwe en the marine layer and the dry air
aloft; and (5) the channelling of flow by the mountains.

The research will be carried out using the techniques and ob-
servational methods developed over the years by the group at San
Jose State College. This includes three M-33 tracking rad: v
systems with data acquisition systems. Aircraft instrumentatic 1
includes sensors for pressure, dry bulb temperature, and wet bulb
temperature. Tetroons, pibals and radiosondes are flown during
the experimental periods. It is expected that at least 15 complete
field experiments will be conducted during the grant period.

SUPPORTED BY U.S. National Science Foundation

2.0155, EFFECT OF CHARGE UPON COLLISIONS IN
WASHOUT

T.G. OWEBERG, T.G. Owe Berg Incorporated, Santa Ana,
California (AT(04-3)-673)

Objective: To determine the effect of charge of atmospheric
particles and rain drops upon collisions in washout of atmospheric
debris by rain,

Background: The encounter between a falling drop and a
small particle is affected by the flow field around the drop, by
forces of inertia and electrostatic forces, and motion of the parti-
cle relative to the drop. The particle trajectory is the integrated
form of the equation of motion. The probability of collision, the
collision efficiency can be determined when the trajectory is
known. The collision efficiency in turn determines the collectioa
(or washout) efficiency.

Procedure: Trajectories of particles in the vicinity of drops
and particle distributions on drops are determined by high-speed
photography through the microscope at various fall velocities of
the drops and various charges on drops and particles. So far,
water drops of 2 to 2.5 mm in diameter and Lycopodium particles
of 32 micron diameter have been used. The fall velocity of the
drop has been varied up to 5 m/s. The terminal velocity is 9 m/s
for such a drop. So far only the average particle charge has been
measured, but means are under development for the determina-
tion of individual particle charges.

SUPPORTED BY U.S. Atomic Energy Commission

2.0156, EFFECT OF THE WARM CLOUD BASE UPON
CLOUDSEEDING FKOM THE GROUND
T.G. OWEBERG, T.G. Owe Berg Incorporated, Santa Ana,
California

The work is part of Project Skywater. It is conducted in the
laboratory of T. G. Owe Berg, Inc., 2189 South Grand Avenue,
Santa Ana, California. The interaction of silver iodide particu-
lates with water vapor and water droplets is studied, specially with
a view to the effect of exposure to t¥  ~aditions at the cloud base
upon the effectiveness of the sil' ude as a seeding agent. The
results obtained indicate that silve: iodide forms ice crystals with
water vapor that is supersaturated with respect to supercooled
liquid water, and that such ice crystals may initiate freezing of
cloud droplets provided the droplets and the ice crystals are elec-
trically charged. Observations are made under the conditions of
the cold chamber and the expansion chamber aid also with single
droplets or particles susperded in a nonuniform ac field. Matters
of particular concern are the conditions for nucleation and

growth of the ice phase and how they are affected by the history
of the seeding agent.
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SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0157, FACTORS AFFECTING PRIMARY AND SECON-
DARY PRODUCTION IN TEMPERATE LAKES

D.W. SCHINDLER, Trent University, Graduate School, Peter-
borough - Ontario, Canada

Field measurements of primary production in four lakes of
different morphometry will be regressed upon physical and macro
nutrient factors of possible causal importance using multiple
regression analysis. Corrections will be madz for departures from
linearity and elimination of non-significant variables. Schindler
(1966) found that 75% of the variance in areal primary produc-
tion measurement of a small Minnesota lake could be explained
by such treatment. This study will be an attempt to expand the
treatment to include production at different depths and in dif-
ferent types of lake basins.

Zooplankton production will be calculated using the method
of Schindler (1967) from zooplankton birth rates ard the average
size of animals at death, allowing estimates of production by the
entire plankton community, and by cach species of zooplankton.

Results will be compared with each other and with thnse of
Severson Lake, Min.esota, in order to identify and quantify
general principles affecting production in water bodies of all
types.

P Data will also be analyzed for inter and intraspecific competi-
tion, predation, and their mode of operation.

The effect of micro-nutrient limiting factors on primary
production wiil be investigated experimentally.

SUPPORTED BY U.S. National Science Foundation

20158, BOTTOM FAUNA IN THE NORTH ST. VRAIN
CREEK, COLORADO f
R.W. PENNAK, Univ. of Colorado, Graduate School, Boulder,
Colorado 80304

A ycar-round study of bottom fauna in a typical mountain
stream system.

SUPPORTED BY University of Colorado

2.0159, ANTIBIOTIC EFFECTS OF ROOTED AQUATICS
ON ZOOPLANKTON SPECIES
R.W. PENNAK, Univ. of Colorado, Graduate School, Boulder,
Colixrado 86304

Experimental laboratory study on the growth-inhibiting and
growth- promoting of extracts of rooted aquatit plants.

SUPPORTED BY University of Colorado

2.0160, SOUTH PLATTE RIVER DEVELOPMENT PLAN
G.STENSON, S.R. Deboer & Company, Denver, Colorado

This program is designed for the Recreational development
of the South Platte River bottoms below the proposed Chatfield
dam and past the city of Littleton and Belleview Ave.

The plan proposes: A. Bridle path along the edge of the river
connecting with Centenniel race track. B. Bicycle path along the
whole length of the river. C. Fishing lakes at various spots
together with a fish hatchery. D. picnicking and a tree planted
park road along the full length of the river.

SUPPORTED BY U.S. Dept. of Interior - Bu. Outdoor Rec.
Littleton City Government - Colorado

2.0161, FEASIBILITY OF USING ATMOSPHERIC
g\”l%'l'i‘%lg RESOURCES N THE NCRTHEASTERN UNITED
E.J. AUBERT, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The objective of this initial study is to assess the potential
feasibility (technical, benefit, cost) of utilizing the atmospheric
water resource in the Connecticut River Basin.

The specific goals are: (1) Assess major features of stress in
supply and demand in the present and planned water resource
system, users and uses which are relevant to the atmospheric
water resource; (2) Identify requirements for and estimate poten-

tial benfits from the atmospheric water resources for preliminary
assessment purposes; (3) Estimate the climatology of precipita-
tion potential and seedable situations; and, (4) Assess the prelimi-
nary feasibility of developing the atmospheric water resource in
the Connecticut River Basin.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0162, ATMOSPHERIC WATER RESOURCES
RESEARCH UNIVERSITY OF WYOMING

J.E. BELLAMY, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

During the 1968-69 winter season the activities at the Elk
Mountain Water Resource Observatory will be to conduct studies
of the cnvironment within which the Elk Mountain cap cloud oc-
curs, the inflow into this cloud, the nucleation of this cloud, the
growth of the precipitation particles within the cloud, and finaily
its precipitation in order to continue the development of sound
snowpack augmentation procedures.

The environmental studies will determine the synoptic situa-
tion, thermodynamic stabilities, and cloud and ice nuclei activa-
tion spectra within which the cap cloud occurs. The source of
watdqr c;'apor which produces the layered cap cloud will also be
studied.

The inflow studies will be continued and expanded in order
to understand more clearly the air flow over and around a th' =e
dimensional mountain. Transport and diffusion studies wiil a.s0
be made to determine the most effective means of seeding a cap
cloud.

The nucleation studies will attempt to determine the natural
and artificial activation spectra of cloud and ice nuclei and their
subsequent activation. The concentration of cirrus crystals which
might nucleate the cap cloud will be sampled.

Experimental operations in the Wind River Mountains near
Boulder, Wyoming will also be conducted. This program will be a
randomized cloud seeding operation using ground based silver
iodide generators using a one-day experimental unit.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0163,
GRAM
B.P. BELLPORT, U.S. Dept. of Interior, Bureau of Reclamation,
Lenver, Colorado 80225

The Atmospheric Water Resources Program is a comprehen-
sive applied research and engineering development program
directed toward enhancing e modification. The immediate sbiec-
tive is to determine the practicality f augmenting the streamflow
into reservoirs on Reclamation projects. Definite scientific an-
swers will be established regarding the feasible extent to which
weather modification can beneficially supplement water
resources for other areas.

* The many aspects of integrating precipitation modification
into the social and natural environment will also be studied and
resolved. The necessary instrumentation, techniques and operat-
ing systems for madifying precipitation under orographic, con-
vective and frontal situations will be developed. Early develop-
ment of applicable techniques will be emphasized in regions
where water supplies are most critical.

About 90 percent of the program activity is being undertaken
through contracts with universities and private meteorological
firms and agreements with State and other Federal agencies.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

ATMOSPHERIC WATER RESOURCES PRO-

2.0164, PARK RANGE ATMOSPHERIC WATER
RESOURCES PROGRAM
E. BOLLAY, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The Park Range Program, part of the Bureau of Reclama-
tion’s Project Skywater, is centered at Stecmboat Springs,
Colorado ard has been in continuous operation since November
1964. Prime purpose of the program is the development of
veather modificatior ‘2chnology, especially as it applies to the in-
creas¢ or redistribu. n of precipitation in the mountainous re-
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gions of the Colorado River Basin. Major studies include 1) diffu-
sion of Agl artificial nuclei from ground generators into oro-
graphic clouds, 2) detection of ice nuclei concentrations in the
air, and of silver in precipitation samples, 3) evaluation of artifi-
cial nucleation effects, 4) determination of the precipitation
meteorology of the area and 5) development of operational
criteria and techniques for efficient application of artificial
nucleation in this, and similar, regions. In particular, the program
is investigating various approaches to intermittent (periodic or
other schedule) nucleation as a method of reducing the experi-
mental time required to determine nucleation cffectiveness.

Results to date indicate that periodic nucleation can be used to
detect seeding effects on purely orographic precipitation.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0165, INVESTIGATION OF THE FEASIBILITY OF

WARM-CLOUD MANAGEMENT
H.R. BYERS, U.S. Dept. of Interior, Bureau of Reclamation,

Denver, Colorado 80225

Objectives are to explore clouds that are warmer than freez-
in[g yet at or near the point of precipitating, or to discover means
of influencing their precipitation,

Aircraft penctrations, radar, chaff drops, study of chemicals

for modification, later tests of modification. Theoretical and ob-
served models of convective clouds.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamatiors

2.0166, AQUIFERS AND DRAINAGE
E.J. CARLSON, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The study deals with the movement of saline water in 1- and
2 layer ground water aquifers. A laboratory investigation was
used to observe the movement of the saline water-fresh water in-
terface for various rates of application of fresh irrigation water
surcharge on the ground surface. Typical agricultural tile drains
and vertical pump wells were studied in the model. They provided
a location for the saline water to leave the strata. The movement
of the saline water (dyed blue) was observed and the results were
compared witn the theoretical movement. The study has been ex-
tended to deal with drainage of sloping agricultural land. A
laboratory investigation is being used to determine the distribu-
tion of discharge to tile drains for various drain spacings on slop-
ing land. Dye tracers will be used to determine the relative depth
in the aquifer from which water appreaches the drain or flows
down the sloping aquifer.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0167, AIRFLOW AND DIFFUSION PARAMETERS IN
CONNEZCTION WITH ATMOSPHERIC WATER RESOURCES
PROGRAM

J.E. CERMAK, U.S. Dept. of Interior, Bureau of Reclamation,

Denver, Colorado 80225

A. Determine the full capability for simulations flow and dif-
fusion over mount~in barrier in a meteorological wind tunnel.

B. Establish the degree of correspondence between flow and
transport characteristics for model and prototype.

C. Evaluate the potentials of laboratory simulation of at-
mospheric motions over complex terrain for operational con-
siderations of the diffusion and transport of seeding materials.

Laboratory Simulation 1. Necessary conditions for similarity
2. Conditions for simulating diffusion and transport 3. Four topo-
graphic models will be studied 4. Some special instrumentation
may be required.

Field Study 1. Study of the wind field over mountains 2. In-
strumentation will be : Rawinsonde, Pilot Balloons, Kites, and
Constant Level Balloons.

Numerical Study (optional) possible computer model for
simulating diffusion and transport over mountains.

2. WATER CYCLE
SUPPORTED BY U.S. Dept. of Interior - Bu, Reclamation

2.0168, ECOLOGICAL EFFECTS OF WEATHER MODIFI-
CATION

C.F. COOPER, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

To analyze potential ecological impact of precipitation
management programs and other weather modifjcation programs
related thereto; to identify those portions of the ecosystem most
sensitive to precipitation management; and to prepare research
gesiglns by which these portions shay be investigated in greater

etail.

Procedures include a review and evaluation of information
and data already available and of potential pertinence to the
ecological effects of weather modification programs. Present and
contemplated research related to ecological effects of weather
modification programs will be inventoried among universities, in-
dividuals and appropriate government agencies such as the U.S.
Forest Service, the Bureau of l.and Management and the State
Agricultural Experiment Stations. Professional specialists will be
consulted on a fee basis in areas such as entomology, limnology,
human ecolcoy, paleocology, plant pathology and bio-statistics.
Computer simulation models will be studied in considerable
depth and research designs specifically formulated.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0169, LEGAL IMPLICATIONS OF WEATHER MODIFi-
CATION
R.J. DAVIS, U.S., Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Legal implications arise from cxperimentation in weather
modification and from development and management of at-
mospheric water resources. As a part of Project Skywater a study
of the legal aspects of intentional weather alteration is being con-
ducted at the College of Law of the University of Arizona in Tuc-
son, Arizona 85721; it will be concluded in July 1968. The study
undertakes a legal evaluation of the consequences of rainfall and
snow control, fog dispersion, lightning suppression, hail suppres-
sion, and hurricane modificaticn. Judicial decisions, statutes, ad-
ministrative regulations, and scholarly writings that relate to
weather modification activities..are being examined in order to
determine the legal aspects of the application of weather altera-
tion technology. Determination will be made of wHat‘"lchl norms
should in the future be applied to the local, national, and imterna-
tional consequences of weather modification activities. Based
upon such findings, reports will recommend legislative and ad-
ministrative action. !

SUPPORTED BY 1J.S. Dept. of Interior - Bu. Reclamation

2.0170, HYDROLOGY OF PRAIRIE POTHOLES:
W.S. EISENLOHR, U.S. Dept. f Interior, Geological Survey,
Denver, Colorado .

Because prarie potholes of North-Central United States and
adjacent areas of Canada are major breeding grounds of migrato-
ry waterfowl protected by United States treatics with Canada and
Mexico, this study is included in the International Hydrological
Decade. One problem being studied is that of identifying those
potholes that will contain water long enough that they should be
preserved for use by waterfowl rather than be drained for agricul-
tural use. A closely associated problem is that of determining the
amount of water needed to keep a pothole useful for waterfowl.
Another problem is that of determining the amount of seepage
from potholes that may reach aquifers used for water supply in
distant areas. Changes in chemical quality are being studied as it
may affect the usefulness of a pothole to waterfowl.

The study is being made in North Dakota ard s concerned
with the processes by which water enters and leaves a pothole and
a detailed analysis of the water budget, including separate compu-
tations of evaporation and transpiration from potholes filled with
aquatic vegetation, to the end that adequate information will be
available for the design of obscrvation programs needed to solve
water resources problems in the prarie pothole region.
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2.0171, LARGE SCALE DYNAMIC EFFECTS OF CLOUD

SEEDING
R.D. ELLIOTT, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Objective: The objective of this contract is to conduct
laboratory studies to determine large-scale dynamic effects of
cloud seeding, including secondary cffects that may develop at a
considerable distance downwind from the primary effect,

Procedures: Research work is to include but shall not be
limited to the following items: a, Spatial distribution analysis of
precipitation and hydrologic data in extended regions in, around,
and downwind from long-term cloud seeding projects and dynam-
ic effects in the primary and secondary areas. b, Analysis is to
consist of the following: 1) Statistical phase: To determine the
general relationship between cloud seeding and dynamic effects
in the primary and secondary areas, 2) Development of a physical
model to explain the observed dynamic effects relating the mag-
nitude and wave length to the basic wind pattern and terrain con-
figuration. 3) Selection of an area and design of a field test to pro-
vide more definitive and acceptable results than can be obtained
from postanalysis of historical data. c. To determine the extent of
any secondary area of effect that may develop at a considerable
distance downwind from the primary effect and at a place where
it is unlikely that any artificial nuclei would be present,

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0172, SKYWATER--PARK RANGE FOREST HYDROLO-

GY
H.C. FLETCHER, U.S, Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80228

Stream gaging and hydrologic analyses of subwatersheds of
the Park Range Program area. The effect of forest cover and land
management are studied so that the result of possible changes can
be segregated from achievements of the weather modification
program. Possible differential effects in weather modification
results caused by topography or forest cover are considered to aid
planning and application of weather modification to other moun-
tain watersheds. Available information is used to develop a con-
ceptual nonlinear model of snowmelt runoff in which streamflow
is the transformation of generated snowmelt by a watershed
system that delays, modulates, and attenuates input and com-
pared to output.

Field work is carried out in the mountains of north-central
Colorado especially near Steamboat Springs and Fraser. This
study began in 1964.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0173, PRODUCTION
CIAL ICE NUCLEI

N. FUKUTA, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The principal objective of this study is to establish the initial
part of weather modification technology where ice nucleation is
involved. Four major technical problems are to be investigated,
i.e., optimization of ice nuslei for use under particular cloud con-
dition, development of seeding materials other than silver iodide
for cloud seeding programs, development of airberne and ground
nuclei counter and study of cloud seedability in terms of
background ice crystal and ice nuciei. Results are directly aimed
at the use in the development of cloud seeding technology for
precipitation management.

There are two basic approaches to the problem. One is
theoretical computer modeling of microphysics of ice crystal and
ice nuclei, and the other is an experimental study of it. Construc-
tion of nuclei generator testing facilities, a vertical wind tunnel,
and a cold room are planned. Every part contains problems;
production of organic smoke appears one of the major problems.
Good coordination of theoretical and experitiental effort is
necessary to accelerate the work.

AND DETECTION OF ARTIFI-

SUPPORTED BY 1J.S. Dept, of Interior - Bu. Reclamation

20174, VELOCITIES OF RADIONUCLIDES AT ARNAR
GOSA SITE
D.B. GROVE, U.S. Dept. of Interior, Water Resources Division,
Denver, Colorado

The investigations are designed to obtain information con-
cerning: (a) the ground-water system in the carbonate rocks,
rhyolites, and tuffs of the Nevada Test Site, (b) the hydraulic pro-
nerties of earth material and aquifers that need to be considered
in predicting the rate transport of radioactive products produced
during a nuclear detonation, and (c) the chemical factors affect-
ing the rate of transport of the same products.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0175, ATMOSPHERIC WATER RESOURCES
RESEARCH IN THE STATE OF NEW MEXICO

N.N. GUNAJI, U.S. Dept, of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The purpose of this program is to conduct research in the at-
mospheric sciences leading to the development of beneficial
weather modification procedures and to the development of
techniques for atmospheric water resources management
methods for application in the Rio Grande Basin upstream from
Elephant Butte Reservoir within the state of New Mexico. The
program was initiated 1 February 1967, Work plans which in-
clude statistical model, field operation procedures, logistics, field
measuring equipment, communication system and personnel,
have been completed.

A target arca of approximately 200 square miles and two
control areas have been selected. The target area is located within
the Jemez and Sierra Nacimiento Mountiain Ranges.

The proposed work for 1 July 1967 to 30 June 1968 shall in-
clude the initiatior. of the following: 1) identification and classifi-
cation of storm systems; 2) research on agents, instruments,
equipment, and techniques which may accomplish changes in
cloud systems; 3} research on cloud and precipitation processes,
including detection of results froin weather modification efforts;
4) refinement of techniques ard instrumentation for routine field
orerations and 5) develogmem of long-range plans for accom-
plishing the objectives of this contract for the Rio Grande Basin.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0176, BADGER WASH COOPERATIVE STUDY
R.F. HADLEY, U.S. Dept. of Interior, Water Resources Division,
Denver, Colorado

This study initiated in 1953 and continues for 20 years, is a
cooperative effort to determine rates and character of erosion, ru-
noff, and sedimentation at different storm intensities and under
different desert vegetation cover conditions, both grazed and un-
grazed; and to determine influence of small animals on watershed.

Geological Survey is responsible for installation and main-
tenance of precipitation gages and water stage recorders. Sedi-
ment yield from the drainage basins is calculated from periodic
measurements of the reservoirs. Gully erosion and sheet erosion
are measured.

Responsibility for vegetative surveys using transect ciusters,
infiltration, and soils studies formerly conducted by the Forest
Service is being assumed by the Geological Survey in the 1968
FY. The studies will include more detailed measuring procedures.

The Bureau of Land Management constructs and maintains
all physical structures such as retention dams, check dams, diver-
sion dams, ditches exclosures, etc. The Bureau of Reclamation
reimburses BLM for portions of this work.

The Bureau of Sport Fisheries and Wildlife is studying small
animal populations and the influence their activities have on
vegetation and soil. :

The study site is located in western Colovado, 4 miles east of
the Colo-Utah boundary and 30 miles northwest of Grand Junc-
tion, Colorado
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U.S, Dept. of Interior - Geological Survey
U.S. Dept. of Interior - Bu. Reclamation
U.S. Dept. of Interior - Bu. Sport Fish.

2.0177, SAN ISIDRG WASH STUDY FLOW LOSSES IN
AN EPHEMERAL STREAM CHANNEL

R.F. HADLEY, U.S, Dept, of Interior, Water Resources Division,
Denver, Colorado

Many of the ephemeral streams in Western United States ex-
perience a depletion of surface flow in a downstream direction as
a result of infiltration in the dry chansiel bed.

The objective of this study is to determine, quantitatively, the
flov *losses’ on San Isidro Wash near Cuba, New Mexico. ‘This in-
cludes determination of whether the infiltrated water reaches an
aquifer or is retui ‘ed to the atmosphere by evapotranspiration;
also, the changes in channel geometry that take place with flow
losses and changes in sediment concentration. When conse:va-
tion structures, such as detention reservoirs, are constructed in
the basin and land treatment practices are initiated, the hydrolog-
ic effects of these practices will be studied.

Gaging stations have been established, channel cross sections
have been surveyed, and scour chains have been installed to study
channel changes. Precipitation and fluctuations of groundwater
level also are being observed. Soil samples of soil-moisture deter-
minations are taken to study the unsaturated zone.

SUPPORTED BY U.S. Dept. of Interior - Bu. Land Mgmt.
U.S. Dept. of Interior - Geological Survey

2.0178, FLOW LOSSES IN AN EPHEMERAL STREAM
CHANNEL

R.F. HADLEY, U.S. Dept. of Interior, Geologicai Survey, Denver,
Colorado

Many of the ephemeral streams in Western United States ex-
perience a depletion of surface flow in a downstream direction as
a result of infiltration in the dry channe! bed,

Objective of this study is to determine quantitatively the flow
*losses’ on San Isidro Wash near Cuba, New Mexico; and if the in-
filtrated water reaches an aquifier or is returned to the at-
mosphere by evapotransniration. Also, what changes in channel
geometry take place with flow losses and changes in sediment
concentration. When conservation structures, such as detention
reservoirs, are constructed in the basin and land treatment prac-
tices are initiated, the hydrologic effects of these practices will be
studied.

Gaging stations have been established, channel cross sections
have been surveyed, and scour chains have been installed to study
channel changes. Precipitation and fluctuaticns of groundwater
level also are being obscrved. Soil samples for soil-moisture deter-
minations are taken to study the unsaturated zone.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0179, THE RELATION OF DRAINAGE NETWORKS
AIXPI‘EBASIN DEVELOPMENT TO ROCK TYPE AND CLI-
M
R.F. HADLEY, U.S. Dept. of Interior, Geological Survey, Denver,
Colorado

The objectives of this project are to related the processes of
slope formation and drainage basin development to the rock type
and climate over a wide range of conditions over the United
States. Specifically, the following items will be investigated as an
approach to the problem: (1) Determination of the validity of the
statement made by humid regions, (2) Which expression of
drainage density or topographic texture is a true reflection of
hydrologic conditions for different climates, (3) To determine the
processes and rates of basin development as affected by dif-
ferences in climate. These may include frequency of freeze and
thaw, mean annnal precipitation, and microclimate; (4) Observa-
tions of slope processes and overland flow, such as, soil creep,
rilling, and sheet flow in basins representing a wide range of rock
types and vegetational covers; and (5) testing of the accuracy of
measuring techniques of drainage density using topographic maps
and aerial photographs supplemented by field mapping.

2. WATER CYCLE
SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0180, A TEST OF CERTAIN EVALUATION DESIGNS
FOR CLOUD-SEEDING EXPERIMENTS

W.E. HOWFLL, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Coiorado 80225

The proposed work is designed to test an idea, first proposed
by G.P. Wadsworth that if a contour map of precipitation depth
from a given storm can be satisfactorily approximated by a simple
geometrical surface. *hen any local artificial influences will show
up as significant departure from this surface, As a first approxima-
tion, a geometrical plane is fitted by least squares to the precipita-
tion contours of a control area that surrounds the target and an
estimate of the target precipitation is obtained by ertending the
actual target precipitation and a suitable test-variate is used to
estimate the probability that the observed difference could be ex-
pected by chance alone.

The above model was tested on actual unseeded precipita-
tion data from the Washita River Network located in central
Oklahoma, Corresponding upper wind data were used to deter-
mine hypothetical seeding plumes for any given storm. Stochastic
augmentation of target rainfall was used to determine the power
of the method in detecting real seeding increases and the in-
vestigation covered other such subjects as transformation and
normalization of precipitation data, the developement of a suita-
ble test-variate, and the sizes and shapes of applicable target and
control regions.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.018], MECHANISMS AND RATES OF HEAVY METAL
SOXPTION AND DESORPTION

E.A. JENNE, U.S, Dept. of interior, Water Resources Division,
Denwer, Colorado

The principle objective is the elucidation of the mechanisms
and processes whereby manganese and iron oxides sorb cobalt
(and other heavy metals). An additional objective is the deter-
mination of the rates of cobalt sorption and the effect of the natu-
ral variables of pH, redox potential, competing cation, cobalt con-
centration, etc. on the sorption rates.

Reaction kinetics, reversibility of sorption, and new phase
formation are being utilized in determining the mechanism of the
sorption reactions.

Sorption mechanisms and rates will allow a semi-quantitative
description of the conceu..ation of cobalt (and other heavy
meta’ : ‘n waters.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0182, SPECIFIC YIELD INVESTIGATION
A.I. JOHNSON, U.S. Dept. of Interior, Water Resources Division,
Denver, Colorado

Methods of estimating the specific yield of aquifers wil! be
studied in an attempt to obtain improved estimates of the water
resources of ground-water basins and water use by phraetophytes.

The principle field and laboratory methods of estimating
specific yield and the quantity of drainage as realted to time of
drainage are being investigated, evaluated, and correlated.
Column drainage, centrifuge, moisture tension, and unsaturated
permeability techniques will be emphasized in the laboratory, and
moisture-content sampling and nuclear soil moisture-density
logging in the dewatered zone will be emphasized in the field.
Field work is done at selected sites in California.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0183, PERMEABILITY RESEARCH
A.LI.JOHNSON, U.S. Dept. of Interior, Water Resources Division,
Denver, Colorado

This study will determine and evaluate the factors involved in
saturated and unsaturated fluid flow through porous media and
would lead to more accurate and reliable analytical methods for
the hydrologic evaluation of ground-water systems. The principa!
methods now commonly in uge for estimating permeability will be
compared and evaluated - these are laboratory methods utilizing
permeameters and field methods utilizing pumping or flowing
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wells - any additional methods will be investigated as proved ad-
visable.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0184, HYDROLOGIC BEHAVIOR OF SELECTED
WATERSHEDS IN THE NORTHERN APPALACHIAN RE-
GION
E.B. JONES, U.S, Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Develop a procedure for predictit.g hydrologic behavior of
watersheds in the northern Appalachian region including the im-
pact of the application of precipitation modification techniques.

Representative watershed will be selected and certain exist-
ing simulation techniques will be utilized, (being modified as
necessary to better meet regional conditions). Once the simula-
tion techniques have been finalized, the effect that weather
modification might have on the streamflow will be studied for
periods of low flow.

Watershed selection is currently in progress and two simula-
tor techniques have been adapted to the local computer (IBM
360 Model 67).

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0185, GENERAL EVALUATION OF SOIL AND
MOISTURE CONSERVATION TREATMENT PRACTICES
N.J. KING, U.S. Dept. of Intericr, Water Resources Division,
Denver, Colorado

The objective is to appraise the effectiveness of structures on
streams, waterspreaders, and other measures in the Western
States. The effectiveness of the measures employed are evaluated
particularly with respect to runoff, erosion, and sedimentation.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0186, ARIZONA WEATHER MODIFICATION EN-
GINEERING  RESEARCH, ATMOSPHERIC WATER
RESOURCES

P. MACCREADY, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

To perform certain procedures and techniques in the general
vicinity of Flagstaff, Arizona, to develop operational cloud
nucleation methods with especial emphasis on major convective
cloud systems and winter storm systems over a larger area.

Information will be obtained on ice crystal concentration,
buoyancy effects, hydrometers, clectrification, cloud system
growth, etc. Work will also include quantitative engineering of
the convective seeding techniques used, including design with
respect to dispersal method, diffusion, and entrainment theories,
with verification by field measurements. Exploration will be made
of the effects of the San Francisco Mountains on cloud and
precipitation patterns, during the summer and winter months.
The establishmént of a seedability climatology for summer and
winter for the San Francisco Mountains will also be made. Ap-
plied Research 100 percent. The project was begun in FY65 and
should be completed by the end OIPFYI68.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

5.0187, EVAPORATION FROM LAKES AND RESER-
OIRS

J.S. MEYERS, U.S. Dept. of Interior, Water Resources Division,
. Denver, Colorado

The gross annual evaporation from exposed water surfaces
has been estimated to be over 23,000,000 acre-feet for the 17
States lying wholly or partly west of the 100th meridian. If any of
this annual evaporation loss could be reduced, an additional
supply of water would be available to the arid West.

The objective of this study is the determination, by improved
techniques, of variations in evaporation rates from representative
lakes and reservoirs in the United States.

The energy-budget and mass-transfer methods of computing
evapotranspiration are being compared for two large reservoirs:
Garrison Reservoir in North Dakota and Pomme de Terre Reser-
voir in Missouri.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0188, ION DISTRIBUTION AND WATER MOVEMENT
IN SOILS

R.F. MILLER, U.S. Dept. of Interior, Water Resources Division,
Denver, Colorado

The objectives are (1) to define the relationship between
water movement and ion distribution in soil profiles, (2) to evalu-
ate the effect of cation exchange, and salt solubility on water
movement, (3) to investigate the effect of water distribution in
down drainage basins o ion distribution, soil-moisture relation-
ships and plant distribu- tion on arid lands.

In the past, emphasis has been placed on the effect of parti-
cle-size distribution (texture) on infiltration, runoff and erosion.
The present study emphasizes the investigation of soil chemistry
because it affects the swelling or shrinkage of soils and may have
as great an effect on hydrologic characteristics as texture.

The soluble calcium plus magnesium and sodiun distribution
in consecutive portions of soil profiles with a variety of internal
drainage conditions are being investigated with respect to
cvidences of watermovement and moisture-storage charac-
teristics such as moisture distribution, root distribution, soil struc-
ture and the nature of plant communities at equilibrium with
these conditions. Other factors such as type of clay mineral, parti-
cle-size distribution and climatic factors are also evaluated.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2,018, MATHEMATICAL METHODS OF EVALUATION
OF RESULTS OF ATMOSPHERIC WATER RESOURCES
PROGRAMS

H.J. MORELSEYTOUX, U.S. Dept. of Interior, Bureau of Recla-
mation, Denver, Colorado 80225

The project has two primary objectives: (1) the determina-
tion of criteria for selection of river basins in Central Mountains
Region of the United States suitable for weather modification
with a maximum chance of success and (2) the design of statisti-
cal techniques or tests to detect weather modification attainments
with reliability.

To achieve these above objectives two additional accessory,
but vital, studies are conducted: (a) a study of the change in the
relationship between meteorologic, hydrologic and physiographic
parameters of a basin for a given weather modification process
and mode of operation (e.g., cloud seedings from ground-based
generators) and (b) a study of the nature and magnitude of errors
in the measurement and collection of data.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0190, SKYWATER
E.A. MOULDER, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Install streamflow station with heated artificial control on
Colorado Creek near Spicer, Colorado. Operate, compute, and
compile streamflow records for the following stativns: Fish Creek
near steamboat Springs, Colo. Service Creek near Oak Fork Elk
River near Clark, Colo. Walton Creek near Steamboat Springs,
Colo. Colorado Creek near Spicer, Colo. Reconnaissance for ex-
pansion of the streamflow data collcction program in Colorado.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0191, GRGWNTH SUPPRESSION AND REDUCTION IN
REGROWTH POTENTIAL OF AQUATIC WEEDS
N.E. OTTO, U.S. Dept. of Interior, Burcau of Reclamation,
Denver, Colorado 80225

Successful continued control or eradication of rooted sub-
mersed aquatic weeds requires information on methods to reduce
or eliminate the regrowth potential of the aquatic plant to a point
where they produce insignificant problems. Studies have been
conducted to gain a better understanding of organism ability to
reproduce itself in subsequent growing seasons. These studies in-
clude influence of treatment on stage of growth, number and type
of herbicide applications necessary to reduce the amount of
vegetative growth and propagule development, amount of
propagative material produced by a clone of plants and food
reserves in the propagule.
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Laboratory investigations show that pondweeds treated with
repeated aromatic solvent and acrolein applications in one grow-
ing season significantly reduced vegetative propagule production.
A significant reduction in number and size of propagules was ac-
complished in successive treatments. Preliminary studies on the
development of vegetative propagules of sago pondweed indicate
that they commence development with the onset of plant flower-
ing and fruiting. Continuing laboratory and field studies suggest
that low rate, long contract period applications of a number of
aquatic herbicides show promise on significantly suppressing the
growth of rooted aquatic weeds, thus reducing po:ential residue
hazards as wel! as controlling weed growth.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0192, DENVER MULTIPHASE FLOW
E.S. SAMMEL, U.S. Dept. of Interior, Geological Survey, Denver,
Colorado

From an earlier survey ard evaluation of theory applicable to
flow in the unsaturated zone it appears that the principal needs
are for procedures to predict unsaturated flow and methods for
obtaining field measurements of the hydraulic properties of the
unsaturated zone. Thus electric analog computing techniques will
be devised for calculating unsaturated flow for specific boundary
conditions, such as rate of infiltration, depth to the water table,
and nature of the unsaturated sediments. Instrumentation involv-
ing electronic transducers will be applied for obtaining the
desired ficld measurcments. Theoretical results will be tested
through field measurements.

SUPPORTED BY U.S. Dept. of Intcrior - Geological Survey

2.0193, CONVECTIVE CLOUD SYSTEMS, NORTHERN
GREAT PLAINS, ATMOSPHERIC WATER RESOURCES
R.A. SCHLEUSENER, U.S. Dept. of Interior, Bureau of Recla-
mation, Denver, Colorado 80225 '

The program is designed to study the characteristics of both
warm cloud and cold cloud conveciive systems with a view in
mind of increasing the natural occurring precipitation from such
systems by the introduction of artificial nuclei, since a major por-
tion of the water supply of the Great Plains area comes from con-
vective systems. Climatological studies, numerical model studies
(as an attempt to simulate the natural growth of cumulus clouds),
cumulus cloud penetrations by instrumented aircraft, and ran-
domized seeding experiments will be made.

Cloud physics studies will be conducted with instrumented
aircraft and radar aimed at determining the presence or absence
of natural ice pellets in the convective clouds of the area. A syste-
matic cloud census in regions of high frequency of cumu!lus cloud
formation will also be conducted. Applied Research 100 percent.
The project was begun in FY65.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.2194, DEVELOPMENT OF ATMOSPHERIC LASER
RADAR
R.M. SCHOTLAND, U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

The purpose of this research project is to develop a laser
radar suitable for the study of the profile of atmospheric water
vapor from a ground based location. The vertical distribution of
water vapor is a basic parameter which enters all meteorological
work and is of particular importance in the field of weather
modification. The major problem areas are: (1) the design of a
high energy switched ruby laser which is mode controlled and
tunable, (2) the design of a receiving system which can handle a
large dynamic range, (3) the design of data handling equipment
which can reduce the radar return to atmospheric moisture con-
tent.

The desiga of the laser system is being based upon a saturable
Q switch element operating in conjunction with a tunable reso-
nant reflector. The receiving system will be designed about a 10
cassegrain telescope which will feed an s-20 photo-multiplier
tube. A 30 mhz log amplifier will be used to cover the dynamic
;‘ange of the optical return and to obtain the water vapor density
unction.

2. WATER CYCLE
SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0195, STATE OF WASHINGTON DEPARTMENT OF
WATER RESOURCES CASCADE ATMOSPHERIC WATER
RESOURCES PROGRAM
S.E. SHUMWAY, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

This program is designed to develop reliable cloud treatment
techniques and reproducible engincering procedures to accom-
plish a beneficial redistribution of precipitation across the
Cascade Mountains to bolster the water resource in the arid inter-
mountain region of the east.

Ficld experiments in cloud physics are being conducted in an
arca straddling the divide and centered around Snoqualmie Pass.

_ Artificial nucleation practices are applied to the numerous win-

tertime Pacific Coast storms crossing this region during the
months of October through April.

Cloud seeding operations are systematically employed and
quantitatively monitored to provid- a classification of the modifi-
cation potential for each precipitating event; said events to be
characterized by measurable, concurrent, meteoroiogical
parameters. ,

Efforts are directed toward developing methods to utilize the

" latent heat release from supercooled clcuds subjected to artificial

glaciation near the Cascade crest to stimulate cloud buoyance for
the purpose of prolonging precipitation on the leeward side.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0196, ANALYTICAL METHODS - WATER CHEMISTRY
M.W. SKOUGSTAD, U.S. Dept. of Interior, Geological Survey,
Denyer, Colorado

Analytical methods and techriques for many constituents
that are found in water, such as aluminum, the halogenides, zinc,
nitrate, nitrite, selenium, and detergents and other pollutants,
frequently require modifications and refinements before they can
be adopted specifically for water analysis. Improvements in all
analytical procedures, including special instruments and
techniques, are necessary to meet the requirements of expanding
research efforts in the field of water chemistry.

The work consists of evaluating the potential of a technique
and refining it to the minute concentrations significant in water
chemistry. Fundamental chemical methods are studied as well as
methods employing specialized equipment and instrumentation,
such as X-ray and emission spectroscopy, electrometric, flame
photometric and chromatographic instruments.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0197, ENGINEERING DEVELOPMENT OF ICE NUCLEI
DISPERSION SYSTEMS ‘
R.L. STEELE, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225 ’

Many ice nuclei dispersion systems are in field use today.
Most are unsatisfactory for one reason or another, e.g., the
required engineering development has not been done te render
these systems simple and reliable. Performance under izboratory
conditions is known in some cases. However, field performar.ce is
largely unknown. This program provides for the engineering
development of simple, reliable and economical dispersion
systems for ground and later aircraft use. Further, it will provide
information for prediction of field performance of dispersion
systems. Current and future field programs in Project Skywear de-
mand ice nuclei generators ranging in capacity of 0.02 kg to
possibiy as high as 200 kg of effective nuclei per hour. Systems
which are reliable with predictable actual performance are and
will continue to be required.

To meet these needs, three separate, concurrent investiga-
\ions are being carried out. These are: a) Coagulation in genera-
tor plumes as a design parameter, b) Development of low and
medium output ground based manual/automatic dispersion

systems, c) evaluation of existing aircraft generators and develop-
ment of a new generator.
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The ice nuclei dispersion systems developed in the program
will represent the latest technology in this important phase of cur-
rent and future weather modification programs. The basic en-
gineering and science for carrying out this work is known. This
will be synthesized from the atmospheric sciences, engineering
sciences and recent technological development in the aerospace
and process industries.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0198, EXPERIMENTAL DESIGN & STATISTICAL
EVerql'igATlON OF WEATHER MODFICATION EXPERI-
ME
P.J. STINSON, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The overall objective of the research program is to develop
experimental design criteria and statistical methods to aid in the
cvaluation of atmospheric water resources programs. Specific ob-
jectives are as follows. 1. A critical evaluation of past weather
modification experiments will be made. Special emphasis will be
placed on the evaluation of rescarch methodology, siatistical
techniques, and interpretation of findings to determine their
suitability for a particular experiment or for general application.
2. Conduct analyses to determine the effect of individual parame-
ters such as {a) treatment techniques, (b) terrain factors, and (c)
weather conditions on the reliability and validity of the results of
weather modification experiments. 3. Develop design criteria for
field experiments with: special consideration of the above named
parameters. 4. Develop statistical computer programs and
analytical techniques for evaluating and comparing 2 wide variety
of weather modification experiments.

SUPPORTED BY U.S. Dept. of interior - Bu. Reclamation

2.0199, EVALUATION OF PRECIPITATION MANAGE-
mg:gsPROGRAMS BY PRECIPITATION RATE MEASURE-
G.E. STOUT, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorade 80225

Objectives. The objectives are to undertake a study to define
the applicability and limitations of rainfall rate measurements to
enable verification and quantitative evaluation of cloud seeding
activities on surface rainfall, and to determine the type and densi-
ty of sampling required to apply such knowledge. a. Prepare a
feasibility study to establish the potential applicability of utilizing
rainfall rate measurements in cloud seeding evaluations, and to
define further research approaches leading to more effective
cloud seeding evaluations using rainfall ratc measurements. b.
Study of area-depth curves of average and enveloping rainfall rate
to aid in the definition of spatial characteristics and to detect ad-
ditional propertics useful for precipitation modification evalua-
tion, c. Study the feasibility of using time distribution and dura-
tion of rainfall rates as evaluation procedures for determining
overall additional rainfall quantities resulting from cloud seeding
and for determining rate of change of rain intensity with time
under natural and seeded conditions.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0200, SKYWATER
A.B. SUPER, US. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Phase one, completed in September, 1966, defined a pro-
gram for evaluating the downwind effects of cloud seeding when
applied upwind to the orographic barrier of the Bridger Mountain
Range (average ridge height 8500 ft ASL) in Montana. Limited
operations from February through May, 1967 provided an assort-
ment of data from a network of sites extending from Bozeman to
Billings, Moatana. The data included rate of snowfall from com-
pressed scale weighing gauges with large aperture for high resolu-
tion thermograph traces, barograph traces, ice nuclei background
count, and visual observations of ice deposits on the ridge line
during the storms in the area. -

Analysed data which display the periodic variation of snow-
fall intensity at each site have been interpreted in terms of a

precipitation vector which is defined as the horizontal speed and
direction of the precipitation surges and/or intervening lulls.
Some success has been achieved in isolating an orographic com-
ponent of precipitation at some sites and in following the periodic
variations in precipitation intensity through the network. In-
terpretation of the data in relation to surface, 700mb, and 500mb
analysis has resulted in a rough typing of precipitation as related
to fronts, troughs and upslope conditions. Thermograph traces
and visual observations of ice deposits on the ridge indicate an
abundance of supercooled water droplets in a temperature range
in which silver iodide can be expected to be effective in nuclea-
tion.

Additional sites will be instrumented and measurements ex-
panded to better define precipitation vectiors. The classification
of storm situations and their potential for seeding will be in-
vestigated in more detail. Background nuclei counts will be con-
tinued in the network using the NCAR type counter. Aircraft will
be utilized for both atmospjeric soundings and tracking plumes
released from the Bridger ridge to gain a rough idea of diffusion
characteristics. Actual weather modification will probably begin
in the winter of 1968-69,

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

23%012,5 HYDROLOGY OF LIMESTONE AND RELATED
R
F.A. SVVENSON, U.S. Dept. of Interior, Geological Survey,
Denver, Colorado

The general objectives of this research project are: 1. Define
the geologic and hydrologic parameters that control the move-
ment and storage of water in limestone and related rocks. 2.
Determine the importance of primary and secondary porosity and
permeability in limestone and related rocks, and of folding, fault-
ing, and jointing to the development of solution cavities and their
enlargement. 3. Determine the spatial relationship of caverns and
secondary porosity and permeability and relate these to struc-
tural, geomorphic and other factors. 4. Determine sources of acid
which may be instrumental in solution of limestone and related
rocks. 5. Develop instruments and techniques needed to get an-
swers to the numerous questions which remain to be solved re-
garding hydrology of limestone and related rocks.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0202, HYDROLOGY OF ARKANSAS RIVER VALLEY,
CANON CITY TO STATE LINE

O.J. TAYLOR, U.S. Dept. of Interior, Water Resources Division,
Denver, Colorado

This research is part of the program of water resources in-
vestigations conducted by the U.S. Geological Survey in coopera-
tion with the State of Colorado. The irrigation systems in the Ar-
kansas Valley have grown haphazardly around surface supplies
and storage. Irrigation supplies are largely derived from surface
water that varies in amount appreciably with climatic conditions.
The existing irrigatior systems do not supply adequate amounts of
water throughout the year to all irrigated lands. Water develop-
ment projects in the valley have had little concern for a systematic
evaluation of the total water supply.

This project involves (1) the measurement of the effects of
the present water-management practices on the hydrologic
regime, (2) determination of the relation between pumpage of
ground water and streamflow, and (3) a study of the management
changes that could increase the supply and improve the quality.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Colorado State Government

2.0203, PROJECT SKYWATER - NEW MEXICO
J.N. WASHICHEK, U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

Object of the snow survey program is the gathering of snow
and precipitation data in the Jemez Mountain Range of New Mex-
ico.

Eight snow courses, established prior to thisproject, will :be
read every ten days by manual methods. An additional band of 8
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snow courses and 8 precipitation gages will be installed along
Highway 126 east of Cuba. This winter, these will #lsc be mca-
sured manually.

A new type precipitation gage is eing developed for this pro-
ject. Instead of the dip stick or standard weighing methods, a load
cell will be used. These stations can be readily converted to an au-
tomatic gage if desired.

One automatic telemetered station may be activated near the
center of the sector. This station will have an automatic snow pil-
low sensor and an automatic precipitation gage. Telemetry will be
to base station, located in the area.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0204, PROJECT SKYWATER - COLORADG - STEAM-
BOAT SPRINGS

J.N. WASHICHEK, U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

Object of the snow survey program is to collect snow data on
the Park Range. There are now 24 snow courses ranging in eleva-
tion from 6,750’ to 10,700’ that are being measured. Numerous
methods are being employed. Manual methods, employing snow
tubes and scales, automatic sensors (pillows), and piecipitation
gages.

Six autoinatic sensors are in operation. These utilize onsite
recorders as well as radio telemetry to a base station in Steamboat
Springs. The base station has a visual read out as well as paper
punch tape.

The on-site recorder is a modified A-35, designed to operate
6 months without attendance. It up-dates every hour.

A transducer at the pillow converts the pressure to electrical
resistance for measurement.

Several different type pillows and transducers will be em-
ployed to ascertain the rmost usable.

Standard precipitation gages that can be maintained at snow
fevel are used and compared to other types of measurements.
Precipitation cans with different size orifices will be checked.

Manual measurements are used as a cross check of all data.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0205, THE DEVELOPMENT OF SYNOPTIC CLI-
MATOLOGY AND STATISTICAL FORECASTING
METHODS AND OROGRAPHIC PRECIPITATION
R. WHITE, US. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The following services to be provided: 1. The development of

" synoptic climatology and statistical forecasting methods and oro-

graphic precipitation. 2. Numerical dynamical circulation studies,
including_evaporation, cloud formation, and precipitation. 3.
Case studies of storm types and associated precipitatiun patters.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation
U.S. Dept. of Commerce - E.S.S.A.

25206, ATMOSPHERIC WATER RESOURCES
RKESEARCH
M.C. WILLIAMS, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The program is designed to investigate increasing water sup-
plies in the Southern Sierra Nevada mountains of California and
related regions through weather modification. Weather modifica-
tion projects have been conducted in the general area considered
for a number of years with the result that the effectiveness of
cloud seeding as a means for production of increases of water
supply of the order of ten percent has been accepted. The current
program is thus designed to provide an engineering approach to
investigations of the atmospheric parameters and mechanisms in-
volved in an effort to extend and improve existing techniques.
The program is composed of a series of projects designed to cover
a period of five years. Specific projects within the overall program
deal with hydrologic aspects, summer cumulus potential, winter
storm potentials, seeding dispersal effects, and program design.
Instrumentation is dealt with as a part of the individual projects.

T Y
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SUPPORTED} BY U.S. Dept. of Interior - Bu. Reclamation

2.0207, ECONOMICS OF GROUNDWATER DEVELOP-
MENT IN THE HIGH PLAINS OF COLORADO

P.W. BARKLEY, Colorado State University, Agricultural Experi-
ment Sta. , Fort Collins, Colorado 80521

Objectives: 1. Evaluate on farm and off farm consequences
of various patterns of ground water development in the High
Plains region. 2. Examine effects of alternative economic criteria
as aids in establishing an institutional framework for guiding or
regulating ground water development.

Proposed Work: Field surveys will e conducted to deter-
mine adjustments occurring on individual farms as a result of
ground water development. These individual farm adjustments
will be aggregated to determine effects on communities in the
High Plains area. Results of these two efforts will be used as an aid
in exFIoring various institutional provisions for use in regulating
development of this essentially stock resource.

SUPPCRTED BY Colorado State Government

2.0208, DRYLAND SOIL MANAGEMENT
K.G. BRENGLE, Colorado State University, Agricultural Experi-
ment Sta. , Fort Collins, Colorado 80521

1. To evaluate cropping systems, tillage practices and fertil-
izer use on dryland regions of Colorado. 2. To study soil-water-
plant interactions, including evapotranspiration, in relation to
yield and quality of dryland crops. 3. To study the effect of soil
management practices on the soil properties affecting wind and
water erosion in Colorado.

Field and controlled environment experiments will be con-
ducted to study various aspects of dryland soil management as re-
lated to crop production. All experiments will be randomized and
replicated.

Cropping sequence-fertilizer-tillage experiments will study
the effect of these variables on crop production, water utilization
and runoff, and soil properties affecting wind erosion.

Water use efficiency and fertilizer response will be studied in
relation to yield and quality of crops.

Crop yields and soil moisture storage will be related to
methods and timeliness of tillage in the fallow period, chemical
evaporation retardants and precipitation.

SUPPORTED BY U.S. Dept. of Agriculture
Colorado State Government

2.0209, DIFFUSION OF ENTRAPPED GASES IN POROUS
MEDIA

A.T. COREY, Colorado State University, School of Engineering.
Fort Collins, Colorado 80521

Entrapped air can have an effect on several significant pro-
perties of porous media which (except for the entrapped air} are
fully saturated with a liquid. Two of the most significant proper-
ties affected are permeability to liquid and compressibility of the
bulk medium.

Two ways in which gas may become trapped are (1) by a
liquid moving into an originally gas-filled medium and isolating
some of the gas and (2) by gas coming out of solution in an
originally fully saturated system to form gas pockets.

Among the situations in which entrapped gas may be signifi-
cant are: (1) the invasion of a pocket of natural gas by surround-
ing brine in an aquifer when a well is installed to recover the gas,
(2) seepage from an irrigation canal, especiaily in *»~ period
shortly after water has been turned into a dry canal, ~ .he con-
solidation of partially saturated compressible soils ur.der loading,
(4) infiltration of precipitation or irrigation water into soil, (5)
cavitation in the conducting vessels of plants during rapid trans-
piration, among other physiological processes in living organisms.

The objectives of this research are: A. To study the process
whereby a gas in isolated pockets (surrounded by liquid) diffuses
from porous media under the influence of interfacial energy. B.
To develop and to test equations describing the rate of diffusion
of entrapped gas from porous media. '
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SUPPORTED BY U.S. National Science Foundation

2.0210, INFLUENCE OF IRRIGATION PRACTICES

R.E. DANIELSON, Colorado State University, Agricultural Ex-

periment Sta. , Fort Collins, Colorado 80521

To determine effect of methods of: application of irrigation
water on moisture distribution, surface crusting, and plant emer-
gence and growth; and, land preparation for irrigation and effect
of subsequent tillage operations on soil tilth.

Description of Work: Field plots are used to evaluate the in-
fluence of soil structure deteriorating cultural practices on the
growth and yield of various agronomic crops. Other factors ef-
fecting the crop are maintained as nearly uniform as possible. Soil
physical measurements are madc in an dttempt to relate the physi-
cal status of the soil with plant response

Laboratory investigations, pertammg to the ability of the
plant to elongate its root system in a rigid system of given pore
size, are included.

SUPPORTED BY U.S. Dept. of Agriculture
Colorado State Government

2.0211, WATER-SOIL-PLANT RELATIONS
R.E. DANIELSON, Colorado State University, Agricultural Ex-
periment Sta. , Fort Collins, Colorado 80521

Objectives: A. lgvestigate relationships between water stress -

in root medium and internal water status of plants as affected by
environment and plant development.
B. Determine effect of plant-water stress and nutnents on

morpncllogy and metabolic processes determining growth and
composition of plants.

Work Proposed: Plants will be grown under uniform and con-
trolled conditions of envircnment until the desired vegetative
growth has been obtained, at which time the water status of the
plant tissue will be changed either by changing the water intake of
the root system or by changing the evaporative potential of the
foliar environment or both. Changes in the water intake by the
root system will be obtained by using such methods as alterations
in temperature, osmotic pressure, soil moisture suction, or carbon
dioxide pressures. The evaporative potentiai of the foliar environ-
ment will be altered by changes in temperature, air movement,
humidity, or light.

Tha water status of the plant tissue will be measured by one
or more of the methods aiready developed or by new techniques
developed as the investigation proceeds. The growth responses of
the plant to the varied conditions under which it will be exposed
will be measured. Such responses as ratc of transpiration, not

CO2 assimilation, dry weight increase, and concentration of sim-
ple sugars in the plant tissue will be evaluated.

SUPPORTED BY U.S. Dept. of Agriculture
Colorado State Government

2.02i2, FACTORS INFLUENCING THE FLOW OF SUB-
SOIL WATER IN THE IMMEDIATE PROXIMITY OF, AND
INTO DRAINAGE FACILITIES

N.A. EVANS, Colorado State University, Agricultural Experiment

Sta., For¢ Collins, Colorado 80521 ‘

Objectives: To analyze and describe the sub-surface flow of
water and those factors which affect it in the immediate vicinity of
the drain facility (tile line, ditch, drain well, etc.) for the prepara-
tion of improved criteria and procedures for design, installation
and operation of drains.

Description: A full scale drainage model constructed at
California under W-65 will be utilized to provide measured varia-
bles pertinent to flow toward a drain tile. The soil of the tank will
be analysed to determine pore-sizc distribution and characteristic
functional relationships betwecn capillary pressure, saturation
and permeability. A synthetic medium will be sought which will

provide similitude as a model. The model behavior will be finally
compared to the California model.

SUPFORTED BY U.S. Dept. of Agriculture
Colorado State Government

2.0213,, MICROBIOL ADSORPTION IN SOILS
N.A. EVANS, Colorado State University, Agricultural Experiment
Sta., Fort Collins, Colorado 80521

i. Investigation of factors affecting biological quality changes
in water percolating through soils, Electrokinetic characterization
of numerous media and micro-biological materials are made. Ad-
sorption isotherms under both static and dynamic conditions will
be measured and compared with theoretical isotharms developed
from electrokinetic studics.

SUPPORTED BY Colorado State Government

2,0214, EFFECTS OF EARLY WATER ON WATERFOWL
PRODUCTION
F.A. GLOVER, Colorado State 1niversity, Graduate School, Fort
Collins, Colorado 80521

Waterfowl nesting and brood observations on the Monte
Vista National Wildlife Refuge, correlated with records on water
availability suggest that high waterfowl production occurs when
water is available abundantly before the spring migration. This
research project was designed to determine (1) what effect the
application of water to a breeding area prior to the normal irriga-
tion season wiil have on waterfowl production; (2) the cost-
benefit ratio of an area that is supplied early water from supple-
mental sources as compared to an area which receives a normal
supply of water during the regular irrigation season; and (3) the
progress of ecclogical succession on the study areas during the
course of the study and its effects on waterfowl production and
use. The research is being conducted on two study areas on unit 6
of the Monte Vista National Wildlife Refuge in the San Luis Val-
ley in south central Colorado.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

2.0215, HYDRAULICS OF SURFACE IRRIGATION
D.F. HEERMANN, Colorado State University, Agricultural Ex-
periment Sta. , Fort Collins, Colorado 80521

Objectives: To provide fundamental surfa 2 irrigation design
understanding through the investigation of the hydraulic charac-
teristics of surface flow: 1. By laboratory experiments to control
certain variables in order to obtain relationships between varia-
bles. 2. By field investigations to test validity of mathematical
equations and laboratory relationships.

Description: Field data will be collected on flow resistance in
irrigation furrows from many sites covering a wide range of site
and soil conditions. Application of spectral density analysis and
similar new ideas to characterize voughness will be made. Flow
mechanics thus formulated will be related to application efficien-
cy.

SUPPORTED BY U.S. Dept. of Agriculture
Colorado State Government

2.0216, EVAPORATION FROM SOIL SURFACES AS AF-
FECTED BY SALT, STRUCTURE AND TEXTURE

W.D. KEMPER, Colorado State University, School of Agricul-
ture, Fort Collins, Colorado 80521

Theory and equations governing the movement of water in
response to salt concentration gradients in soils wii be developed.
Studies will be set up to test these theories and gquations and to
determine the portions of the water movement which are in the
liquid and vapor phases.

The practical significance of this osmotic movement on
evaporation will be studied. Reduction of the thickness of the dry
layer of soil (which prevents liquid flow) is predicted when ap-
preciable amouints of salt are in the soil profile. This prediction
will be tested and equations, amenable to computer solution, will
be developed from which quantitative predictions can be made.
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SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Colorado State University

20217, PREDICTION OF WATER MOVYEMENT IN UN-
SATURATED 390ILS
W.D. KEMPER, Colorado State University, Agricultural Experi-
ment Sta. , Fort Collins, Colorado 80521

Objectives: 3, To dclineate the influence of structure and
electrostatic differences 3 well as solute conccntration and ener-
gy gradients upon the movemcnt of solutes, energy and water in
soils and clays.

4. To devise quantitative expressions describing the simul-
taneous movement of water and solutes and energy in soil.

Procedures: Restriction cocfficicnts of ions which detcrmine
the degree to which salts move water, will be determined in clay
and soil systems. Effects of the elcctrostatic and geomeirical pro-
perties of soil on these restriction coefficients will be determiried
from both experiment and theory. The mechanisms involved in
the simultancous flow of water, solutes, and energy will be
delincated. The understanding of these mechanisms will be used
in the development of thermodynamic equations valid for such
simultancous flow.

SUPPORTED BY U.S. Dept. of Agriculture
Colorado State Government

2.0218, HYDROMETEOROLOGY
W.E. MARLATT, Colorado State University, Agricultural Experi-
ment Sta. , Fort Collins, Colorado 80521
A. To investigate the wind structure on the high mountains.
B. To investigate the actual occurrence of precipitation and the
arrangements of precipitating clouds in relation to the mountains.
Description of Work: Initial work is concentrated on the
period of winter build up of snow pack. Detailed observations of
wind and temperature will be obtained from the top of one of the
high mountain peaks during the winter to determine the turbu-
lencc structure of thc atmosphet ¢s function of wind speed and du-
rations.

SUPPORTED BY Colorado State Government

20219, A SYSTEMATIC TREATMENT OF THE
PROBLEM OF INFILTRATION

H.J. MORELSEYTOUX, Colorado State University, School of
Engineering, Fort Collins, Colorado 80521

The overall objectivc of the research is to develop a mathe-
matical model of infiltraticn capable of responding to any spatial
and temporal pattern of rainfall or its lack. In this form the model
would be readily capable of integration into a general model
simulating the hydrologic response of a watershed.

In a first phasc the objectives will be more limited. In essence
the two principal objectives are:(1) The development of a one
dimensional model of water infiltration into a soil column under
realistic conditions of varying water supply at the surface, non-
uniform initial moisture conditions, heterogeneous soil charac-
teristivs and the effect of hysteresis, and (2) The deveiopment of
a less general two-dimensional model of water infiltration to
model primarily the influence of spatial variation of the available
water supply on infiltration.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Colorado State University

2.0220, WIND EFFECTS ON THE DISPERSION OF PAR-
TICULATE PCLLUTANTS IN TURBULENT OPEN-CHAN-
NEL FLOW
E.J. PLATE, Colorado State University, School of Engineering,
Fort Colim.,, Colorado 80521

This is a study of the dlspersmn of solid partlcles in a liquid
stream. The flow in the stream is turbulent with a free surface. Air
is blown across the free surface in such a manner as to create
waves in the water and thus to simulate the turbulence generated
by wind over streams. A quantitative understanding is sought

1-55

2. WATER CYCLE

through experimentaticn fou the effect of wind on the diffusion of
particles in the water.

The results should Jead to data which can be used in the solu-
tion of the diffusion gquation in open channel flow with and
without wind. A measure of the increase due to wind in diffusivity
can be obtained in this way. The effect of wind on oxygen absorp-
tion in the stream is also to be investigated.

SUPPORTED BY U.S. National Science Foundation

2.0221, STRATTON SAGEBRUSH HYDROLOGY STUDY
R. PRICE, Cclorado State University, U.S.D.A. Rky. Mtn. For, &
Rge. , Fort Cotlins, Colorado 80521

Objectives: To determine quantities and rates of runoff from
rainfall and snowmelt, sediment movement and production,soil
moisture regimes, sagebrush effects on snow accumulation of
storage, etc., from watersheds in natural stands of big sagebrush
and after treatment to eliminate sagebrush by chemical spraying;
and to obtain other data necessary for the determination of
hydrologic soil-cover complex numbers from sagebrush sites be-
fore and after treatment.

Procedures: Five small watersheds (100 or more each) will
be selected within the big sagebrush vegetative type, representa-
tive of similar areas on which brush conversion by chemical treat-
ment is a standard procedure. Each will be instrumented for cli-
matic data, runoff and sediment yields, soil moisture and tem-
peratures, etc. Detailed soil and vegetation samplings and mea-
surements will be made. When satisfactory calibration has beea
obtained, one or more watersheds will be treated by chemical
spraying and the studies will be continued until the effects can be
determined.

SUPPOETED BY U.S. Dept. of Interior - Bu. Land Mgmt.

2.0222, ATMOSPHERIC WATER BALANCE AND THE
FORECAST OF ANNUAL RUNOFF FROM THE UPPER
COLORADO RIVER BASIN
J.L. RASMUSSEN, Colorado State University, School of En-
gineering, Fort Collins, Colorado 80521

The atmospheric water balance of the Upper Colorado River
Basin will be evaluated to determine the net deposition of water
over the basin during winter. This deposition will be compared
with the annual runoff to determine a forecast equation. Periods
of dryness will be investigated to study the large-scale evaporation
occurring over the basin during winter and summer.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Colorado State University

2.0223, ATMOSPHERIC WATER
J.R. RASMUSSEN, Colorado State University, Natural Resources
Center, Fort Collins, Colorado 80521

Nearly all of the runoff into the Colorado River for the prin-
cipal water supply of the Southwestern United States comes from
precipitation in form of winter snowfall over a very small fraction
of the watershed area at high altitudes. Even there, however, ru-
noff is only 50 percent and the other 50 percent of the snowpack
evaporates, partly by windblowing of the snow over the expanse
of tundra above timberline. If the wind driven snow could, in part,
be channelled into now vacant glacial cirques east of the high
ranges, it would be stored in depth at locations where exposure to
sunshine is minimal. Even a moderately successful channelling
scheme would greatly increase the available water supply, espe-
cially for the badly needed late season water delivery.

Feasibility studies for such channelling are underway in the
laboratory and on a mountain in central Colorado, where experi-
mental fesicing G ucmglia have been erected for a prehmmary look
in the 1965-66 winter. A more elaborate experiment is planned
for the succeeding winter.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Colorado State University

2.0224, REAERATION IN OPEN CHANNEL FLOW
w.w. SA YRE, Colorado State University, U.S. D 1. Water Rsour,
Div. , Fort Collins, Colorado 80521
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The capacity of a body of flowing water for assimilating
biodegradable wastes depends heavily on the supply of dissolved
oxygen which is required for the de.omposition of organic
material by baeteria. The amount of oxygen available for this pur-
pose in turn depends on a complex balance among a number of
processes which include various sources and sinks, and also the
inflow and outflow of disSolved oxygern by convection. The prin-
cipal sources augmenting the dissolved oxygen supply are at-
mospheric reacration, and photosynthetic preduction by aquatic
organisms mainly green plants. Typical sinks depleting the
supply, s..ne of which are due ¢y man-made pollution, are
respiration of bacteria and algae, benthal deposits, and chemical
oxidation,.

The oxygen balance can be described qualitatively by a fun-
damental continuity equation. Before this equation can be used
with confidence for predictive purposes, however, much remaiins
to be learned abou the source and sink processes, how th2s relate
to one another, and how they relate to measurable physical and
biochemical characteristics of a stream system,

This project is concerned with investigating the reacration
process in open channel flow, with particular emphasis on natural
surface reacration. Although no fundamental research on the
biochemical processes involved in the oxygen balance is contem-
plated, they must be accounted for.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0225, STABLE ALLUVIAL CHANNELS
H.W. SHEN, Colorado State University, School of Engineering,
Fort Collins, Colorado 80521 !

The proposed research is an analytical and experimental
study of alluvial channels. The objectives are to study: 1. The
shear distribution on the rigid boundary of channels with different
cross section shapes. 2. The ultimate stable cross section shapes
of alluvial channels under different hydraulic conditions and sedi-
ment sizes without sediment inflow based on the variation of
shear distributions along the boundary. 3. The effects of sediment
load, secpage force and flood plain material on the ultimate stable
channel cross section. 4. The application of the results obtained
from laboratory studies to explain the fluvial morphology of
rivers.

SUPPORTED BY U.S. National Science Foundation

2.0226, EFFECTS OF FIRE ON HYDROLOGY AND ERO-
SION

W.D. STRIFFLER, Colorado State University, Agricultural Ex-
periment Sta. , Fort Collins, Colorado 80521

Objectives: 1.) to determine the amount and timing of
downslope soil and ash movement. 2.) to deteriaine the effects
upon the physical and chemical characteristics of the soil. 3.) to
determine the effects upen the hydrologic characteristics of the
slope. 4.) to establish a series of permanent sample plots for an
evaluation of vegetative re- establishment,

Procedures: A series of plots will be established within and
adjacent to the burn arca with plots located at upper, middle, and
lower slope positions. Measurements to be taken at each plot will
include soil loss, stil moisture, infiltration rates, and soil samples
for physical and chemical analysis. Analysis will primarily be a
comparison of measured propertics between burned and un-
burned plots by slope positions. In addition sediment measure-
ments will be taken during storm runoff periods from a small
strzam flowing through the burned area.

SUPPORTED BY U.S. Dept. of Agriculture

2.0227, LAMINAR AND TURBULENT FLOW OF FLUIDS
THROUGH POROUS MEDIA
D.K. SUNADA, Colorado State University, School of Engineer-
ing, Fort Collins, Colorado 80521

The proposed study will be devoted to the development and
verification of a general theory describing compressible and in-
compressible fluid motion in porous media. The theory will be
based upon an analysis of the classical Navier-Stokes equations
for fluid motion and upon considerations of energy dissipation
due to laminar and turbulent action. The physical parameters of

the porous medium which affect the flow phenomena will be
analyzed by statistical methods and correlated with hydraulically
measurable quantities.

SUPPORTED BY U.S. National Science Foundation

2.0228, THE EFFECT OF VARIOUS COMMERCIAL FER-
TILIZER PLACEMENTS AND IRRIGATION PRACTICES ON
THE YIELD AND QUALITY CQF RUSSET BURBANK
POTATOES
J.G. WALKER, Colorado State University, Agricultural Experi-
ment Sta. , Fort Collins, Colorado 80521

Objectives: 1. Compare various combinations of fertilizer
placcments and irrigation on optimum yield and quality. 2. Deter-
mine the effect of treatments on nitrate-nitrogen movement,
moisture distribution, temperature on the uptake of M and P by
the potato plant.

Procedure and Description: The study will be undertaken in
San Luis Valley of Central Colorado. Fertilizer treatments will be
banded at planting time 4‘ wide beside or below seed piece with
irrigations made on every furrow or every other furrow for com-
parisons. Tensiometers and thermograph recordings will be made.
Soil and leaf samples will be correlated to determine amount of N
and P. Soil profiles will be developed as part of this study.

SUPPORTED BY Colorado State Government

2.0229, GEOHYDRAULICS AT THE UNCONFORMITY
BETWEEN BEDROCK AND ALLUVIAL AQUIFERS

J.P. WALTZ, Colorado State University, Graduate School, Fort
Collins, Colorado 80521

The proposed research is to develop principles and methods
for estimation of water transfer at bedrock-alluvium contacts in
groundwater basins.

Fundamental to the concept of an alluvial basin is the isola-
tion of water. That is, neither surface water nor groundwater
should flow from one basin to another. If groundwater basins can
be designated such that water transfer is minimized, then it is
feasible to determine availability of water in each basin and to
develop laws and management policies for water use.

Three designated groundwater basins in Colorado will be stu-
died to determinz the magnitude of water flux into or out of the
underlying bedrock. Considerable data are available on bedrock
and water level elevations within each of the three basins.

Procedures for the study will include: use of digital computer
models and trend surface analyses, piezometric studies in both
bedrock and alluvial aquifers, and general geologic and geophysi-
cal techniques.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Colorado State University

2.0230, SEDIMENT PRODUCTION, YIELD, & DELIVERY
RATIO IN RELATION TO CLIMATIC, GEOLCGIC, &
WATERSHED CHARACTERISTICS OF THE NORTHERN
PLAINS

D.A. WOOLHISER, Colorado State University, School of En-
gineering, Fort Collins, Colorado 80521

Object: To develop procedures for predicting the sources,
amount, and rate of gross erosion; character of sediment yield;
and delivery from agricultural watersheds of varying sizes in prin-
cipal physiographic and climatic reyions.

Plan of Work: Information on quantities of sediments carried
by streams is obtained by means of reservoir sedimentation sur-
veys and through suspended ioad sampling on selected
watersheds. Records of precipitation, runoff, topography, chan-
nej characteristics, soils and geology, land use, conservation prac-
tices, and wateished treatment measures are compiled for the
areas for which sediment yield records are available. Studies are
made to determine and evaluate the processes and rates of ero-
sion on land surfaces including gullies, roadbanks, and stream
channels. Radioactive elements and other tracers are used in a
studying the movement of sediment from erosional sources to
points of deposition. Required instrumentation is developed. Data
on sediment yicld rates and associated casual factors are analyzed
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and interpreted to derive improved techniques and equations for
estimating sediment yield and sources in ungaged watersheds.

SUPPORTED BY U.S. Dept. of Agriculture

2.0231, FLOODS FROM SMALL WATERSHEDS
V.M. YEVDIEVICH, Colorado State University, School of En-
gineering, Fort Collins, Colorado 80521

The flood response of rural watersheads within the size range
of one-fifth to fifty square miles distributed throughtout the
United States is being studied. Three complementary approaches
are to be pursued simultancously. Systems investigations will be
undertaken with theoretical conditons involving rainfall as input
and runoff as output. Hydrodynamic prototypes will be in-
vestigated by applying artifical rain to a one-to-two acre outdoor
facility. Provisional results from both of these will be checked
against, and appraised in the light of, storm and flood events ob-
served in nature on many experimental and other watersheds.
This latter data assembly, which is alrcady underway, will itself
facilitate statistical and hydrological analyses of natural basin
response. July 1963 is the starting date for the five year program,

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Colorado State University

20232, EXPERIMENTAL INVESTIGATION OF SMALL
WATERSHED FLCGODS
V.M. YEVDIEVICH, Colorado State University, School of En-
gineering, Fort Collins, Colorado 80521

Project Objectives: The design, construction and operation
of a rainfall-runoff experimental facility, one acre in size, for the
purpose of observing prototype-scale responsc of a watershed
under controlled conditions. The generai objectives are to in-
creasc the undcratandmg of processes making up watershed
response and to improve our ability to apply knowledge of the
processes to the estimation of the response of real watersheds.

Work Description: The work proposed for the Rainfall-Ru-
noff Experimental Facility is as follows. 1. Design and construc-
tion of the facility including site preparation, water supply system,
runoff measuring system and rainfall simulators. 2. Experimental
program of rainfall-runoff pattern studies for a given range of
precipitation intensitics.

SUPPORTED BY Colorado State Government

2.0233, PHASE TWO - EXPERIMENTAL INVESTIGA-
TION OF SMALL WATERSHED FLOODS
V.M. YEVIEVICH, Colorado Statc University, School of En-
gineering, Fort Collins, Colorado 80521

For Phase Tw, the principle effort will include the comple-
tion of the rainfall-runoff experimental facility, and the testing of
the facilizy to determine its operating characteristics and refining
the design of the more critical components to provide more
uniform conditions or more flexible operations if such appears ap-
propriate. Initial test data will be used for some comparison stti-
dies with mathematical models. In particular, an evaluation will
be made of the mathematical description of convergent overland
flow on conical shaped catchments. An objective of this proposed
rescarch effort will be the completion of preliminary studies on
some simple conceptual models to the point that some significant
conclusion will be justified with respect to non linearities in the
response of the total catchment or its component parts to rainfali.

SUPPORTED BY U.S. Dept. of Interior - O, Water Res. Rch
Colorado State University

2.0234, SAN LUIS WATERSHED STUDY
E.F. ALDON, U.S. Dept. of Agriculture, Rocky Mtn. For. & Rg.
Ex. Sta. , Fort Collins, Colorado

Three small watersheds, about 58 miles NW of Albuquerque,
New Mexico, of comparable size (WS I, 555 acres; WS I, 471
acres; WS III, 338 acres) and similar topographlc edaphlc and
climatic condmons have been investigated since 1952.

The primary objective of the study is to determine the effects
of conservation and range management practices on the net yield

1-57

2. WATER CYCLE

of water, sediment, and forage. Controlled grazing, ripping, fer-
tilizzion, and seedmg have been studied.

The present agreement has been made for the period of July
1,1967 until June 30, 1. 78, with the same primary objectives.

The objectives for 1968 FY are: a. Determine the vegetation
density, production, and utilization as affected by a mechanical
treatment, grazing, and protection grazing. b. Determine ger-
mination requirements of native grass species. ¢. Study effects of
fertilization on ground cover density of flood plains. d. Determine
factors affecting seedling survival,

SUPPORTED BY U.S. Dept. of Interior - Bu. Land Mgmt.
U.S. Dept. of Agriculture

2.0235, IMPROVEMENT OF WATER YIELDS BY
MODIFICATION OF RADIANT ENERGY OVER LAND SUR-
FACES (ABBREV)

B.C. GOODELL, U.S. Dept.
Colorado

Object: To determine the amount of radiant energy available
and that necessary to melt snow and to vaporize water from soil,
plant, and snow surfaces; to explore means of altering the regimen
of radiant energy by vegetative manipulation and snow surface
modification.

Plant of Work: The project leader and his graduate student
cooperators will continue to measure and relate to each other the
various components of solar radiation, and albedo of various
vegetative, soil, and snow surfaces. These will be studied in terms
of their usefulness in estimating evapotranspiration, and how in-
tercepted rain and snow changes net radiation. They will continue
to refine & dye- dilution method of measuring streamflow.

SUPPORTED BY U.S. Dept. of Agriculture

of Agriculture, Fort Collins,

2.0236, MECHANICS OF FLOW STRUCTURE AND
FLUID RESISTANCE

P.S. MCQUIVEY, U.S. Dept. of Inierior, Water Resources Divi-
sion, Fort Collins, Colorado

The objective of this study is the exploration and measure-
ment of the internal flow field of turbulent shear flow in an open
channel in order to obtain a fundamental understanding of the
mechanics of fluid resistance and sediment transport.

The study is designed to answer the following questions: |,
What are the meusures of turbulent characteristics which best
describe the structure of turbulence? 2. How can these measures
of turbulent characteristics best be mecasured in open channcl
flow? 3. Wili the selected measures of the turbulent charac-
teristics and measurement techniques be adequate to permif ex-
perimental verification of the equation of motion for steady
uniform flow in an open channel? 4. How does the structure of
turbulence vary with respect to distance from the boundary for
stecady uniform flow in a wide open channel? 5. How are the tur-
bulent characteristics related to mean flow propertics, fluid pro-
perties, and channel geometry? 6. What are the effects of the pro-
pertics of suspended matter (density, concentration and size) on
the turbulent characteristics of open channel flow? 7. How are the
;agréi‘r)lgian and eulerian measures of turbulent characteristics re-
ated?

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0237, EVALUATION
CHANNEL FLOW

C.F. NORDIN, U S. Dept. of Interior, Water Resources Division,
Fort Collins, Colorado

The understanding of the mean flow parameters and channel
adjustment characteristics for flow in alluvial channels is substan-
tial, but complete understanding is limited by the large number of
variables involved, their interdependency, mterchange between
dependent and independent variables with time and space, and
limited scope of laboratory studies.

Laboratory studies will be broadened to (1) determine the
mean flow parameters and channel adjustments wher bed materi-
al transport is an independent variable; (2) determine the im-
portance of depth, as a scale parameter and as a driving force; (3)

OF VARIABLES IN ALLUVIAL
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determine time for adjustment from one equilibrium flow to
another when an independent variable is altered; (4) determine
the variance of slope, depth, velocity, bed materials and bed
forms in time and space.

of data on the known distribution of tropical bryozoan spe-
cies with those of the Hawaiian Island species, and the assembling
of data relevant to the question of endemism among bryozoans.

SUPPORTED BY U.8. Dept. of Interior - Geological Survey

2.0238, MEADOW SOD MAT ACCUMULATION AND
DECOMPOSITION
F.A. NORSTADT, U.S. Dept. of Agriculture, Grand Junction,
Colorado

Orc project of mine deals with mecadow sod mat accumula-
tion and decomposition. Irrigated mountain meadows of
Colorado buildup 2 sod mat 2- to 15 e¢m thick depending on al-
titude and soil water content. I am studying physical, chemical,
and biological factors which are thought tc affect the accumula-
tion and decomposition of the sod mats. 1 am using clectronic
probes to instrument sites in the meadows that represent wet, dry,
and interincdiate soil moisture conditions to mecasure tempera-
ture, redox potential, oxygen content, and pH. A neutron probe
measures soil watcr content. These measurements are at 3 depths
in the soil profile. We are plating soil sumples from the 3 moisture
sites to measure the numbe. . of bacteria, fungi, and denitrificrs at
3 depths in the soil. These physicul, chemica!, and biological
parameters will guide design of laboratory experiments, In the
laboratory I am studying the effect of temperature, water content,
and fertilizer amendments on the decomposition of sods by the in-
digenous soil microorganisms. In the sod decomposition study the
evolution of CO2 is used as the index of mincralization of the car-
bon skeleton of the sod material.

SUPPORTED BY U.S. Dept. of Agriculture

2.0239, NUMERICAL SIMULATION OF THE
MACROPHYSICAL AND MICROPHYSICAL PROCESSES OF
MOIST CONVECTICON
G. ARNASON, Travelers Research Center Inc. , Hartford, Con-
necticut

BRIEF DESCRIPTION OF PROPOSED RESEARCH: The
main objective of the proposcd research is to simulate realistically
by numerical methods the conditions within and in the immediate
surroundings of a convective, non-freezing cloud. A secondary
objective is to form an opinion as to the feasibility of artifically
modifying such a cloud and in particular to assess at which stage
of development the cloud is most sensitive to an external stimulus.
To obtain the above objectives it is necessary to include both the
macrophysical and microphysical processes known to be impor-
tant to cloud development in an effort to study in considerable
detail all the major phases of the evolution of a non-freezing
cloud. To do that it will be necessary to specify a realistic initial
statc; take into account the dynamics of the situation, excluding
friction but including shallow convection; usc bulk thermodynam-
ic equations; distinguish between the mixing ratio of the vapor
and liquid phases of water; specify an initial droplet distribution;
usc growth of the droplets though condensation and coalescence
processes; and take into account the evaporation of the rain. The
numerical solutions will be obtained by solving the systems of
equations by finite differences. A mesh of 100m and a grid of
1,000 points will be used. Computational schemes of Lax-Wen-
droff and Lilly will be used. It is anticipated that in two years it
will be possible to formulate the problem and to prepare and
check out the cor:puter program. It is possible that within the
time period results may be obtained that show a realistic simula-
tion of all phases of cloud development.

SUPPORTED BY U.S. National Science Foundation

2.0240, ESTIMATING RUNOFF RATES FROM SMALL

RURAL WATERSHEDS

P. BOCK, Travelers Research Center Inc. , Hartford, Connecticut
In the design of culverts, better hydrological procedures,

productive of more reliable results, are needed for estimating ru-
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noff from small rural watersheds. Reliable procedures will permit
more confident selection of the flow tc be accommodated and,
with recent advances in hydraulic and structural design, should
help to optimize the expenditures for drainage structures. Runoff
information is being collected from selected small rural
watersheds us well as information related to a better understand-
ing of the phenomena involved in the generation of runoff from
small drainage areas. A number of investigations have developed
methods for synthetically determining maximum discharge and
hydrograph definition in relation to the parameters exerting a
major influence on runoff. With this background it now appears
possible, by analyzing the information and interrelating func-
tionally the major parameiers affccting runoff, to develop com-
puter programs, or other procedures, that will, upon definition of
the various parameters involved, produce an estimate of the max-
imum discharges likely to occur from small rural watersheds for
sclected recurrence iitervals, It is desired that the method
devcloped will: (1) require only data that can be readily obtained
by the designers, (2) use parameters and functional relationships
which are logically justified, (3) take cognizance of differences
duc to geographical characteristics, and (4) present the informa-
tion desired in a readily usable form.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Amer. Assoc. of State Highway Officials

2.0241, SOIL-PLANT-WATER RELATIONSHIPS
J.S. 840 YER, Conn. Agric, Expt. Station, New Haven, Connecticut
0650

Description of Work: Psychrometric and pressure techniques
for measuring water potential will be comparcd. Sites Jf re-
sistance to water will be determined. Estimatc water potential in
shoots of several species by methods of Richards and Ogata and
of Scholander et al., and compare results. Mcasure potentials in
various parts of several plants and environments and infer where
resistance to water lies.

SUPPORTED BY U.S. Dept. of Agriculturc
Counecticut State Govern:inent

2.0242, STUDY OF LIGHT ISOTCPES IN LACUSTRINE
ENVIRONMENTS

M. STUIVER, Yale University, Graduate School, New Haven,
Connecticut 06520 (AT)

Objective: To obtain information on the changes in oxygen
isotope ratio of atmospheric precipitation during post-glacial
times. This information is obtained by determining O18/016
ratios of carbonates deposited in lakes. The variations in this ratio
are caused, amongst others, by changes in O18 content of at-
mospheric precipitation that are associated with long-term
changes in climate. Also proposed is the determination of
O18/016 ratio of marine shells from the 12,000 years old Maine
marine invasion. These ratios will be influenced by the freshwater
contributions of glacial run-off and might possibly provide infor-
mation on the O18 content of the former ice-cap.

SUPPORTED BY U.S. Atomic Energy Commission

2.0243, RELATION OF BEDROCK FRACTURE SYSTEMS
TO UNDERGRGUND WATER IN STAFFORD SPRINGS,
SOUTH COVENTRY, SPRING HILL & WESTFORD QUADS
J.M. AITKEN, Univ. of Connecticut, Graduate School, Storrs,
Connecticut 06268

Fractures represent one of the easicst avenues of ingress for
groundwater pencirating bedrock. Such fractures are a product of
regional deformation. Expansion of present structural studies is
proposed which would emphasize detailed analysis of fractures
(orientation; frequency-in numbers and spacing; projection of
zones of possible intersection of depth},

The data obtained would provide information pertinent to
problems of potential cupply, questions of a typical or excessive
flow-and potential contamination. The work would serve as train-
ing in recognition of bedrock structure as a factor in controlling
supply and quality of water. ‘
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SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Reli
University of Connecticut

2.0244, RATE AND DIRECTION OF GROUND WATER
CIRCULATION IN CLOSE SPACED BEDROCK AND
GRAVEL WELLS UNDER THE INFLUCENCE OF NON-
SYNCHP.ONOUS PUMPING TIME

L. FRANKEL, Univ. of Connccticut, Graduate School, Storrs,
Connecticut 06268

Storrs, Connecticut is an urban area without a central water
supply or sewage disposal facilities. Individual wells and septic
tanks are utilized. With the gradual transformation of the area
over thc pa. < tweniy-five years from a rural community, with
separation of »>mes by many acres, to an urban community with
separation by less than 150 feet in many cases, has come the
problem of well contamination.

Contamination has occurred in many situations where the
topography, percolation indices, and hydraulic gradient are
favorable to ‘good* water and when there is separation of water
supply and scwage disposal in accordance with state regulations.
It is therefore suspected that contamination is the result of
changes in the rate and direction of groundwater flow as the resuit
of nonsynchronous and variable rates of pumping from closcly
spaced wells.

To test thi-, hypothesis, well fields will be constructed and
certaia wells will he contaminated with nontoxic chemical and
biological contaminants, and the rate and pattern of flow under
natural conditions and pumping will be determined.

The end purpose of this project is to obtain data which might
aid in determining beforc home construction oceurs under what
conditions (c.g., well depth, rate of pumping, distance of separa-
tion of water supply and sewage disposal) seemingly safe topo-
graphic and earth material situations can become areas of con-
taminant concentration.

SUPPORTED BY U.S. Dept. of Interior - G. Water Res. Rch
University of Connecticut

2.0245, THE NATURE AND MAGNITUDE OF THE RE-
SISTANCE TO FLOW OF WATER IN ROOTS
B.E. JANES, Univ. of Connecticut, School of Agriculture, Storrs,
Connecticut 06268

This project is designed to obtain information needed to ex-
pand current theories on the nature and mechanics of water flow
through semipermcable membranes of the root. Measurements
will be made on the effect of (a) osmotic stress, (D) oxygen con-
centration, (c¢) temperature on transpiration of intact plants and
exudation of decapitated roots.

SUPPORTED BY U.S. National Science Foundation

2.0246, EXPERIMENTAL STUDIES OF AIR AND WATER
INTERFACIAL INTERACTION
J.D. LIN, Univ. of Connccticut, School of Engineering, Storrs,
Connecticut 06268

The proposed research is an experimental study of the in-
teraction on the air-water interface to be conducted in the
Hydraulic Laboratory of Civil Engincering Department by utiliz-
ing most of the existing wind tunnel and instrumentation facilitics.
A test section, consisting of a wind tunnel over a channel of varia-
ble depth and of sufficient fetch, will be constructed for this in-
vestigation. The tronsient and equilibrium surface waves
gencrated by various turbulent wind profiles with zero pressure
gradicnt along the tunncl will be investigated. The turbulence in
the wind and possibly in the water will be measured in addition to
the mean quantities and the surfacc wave spectrum as previously
studied by other investigators. The wind generated wave theories
and previous experiments under somewhat different conditions
will be examined. The correlation of expcrimental data among the
wind, waves and water should provide a basic understanding and
the mechanism of disperson, mixing and perhaps diffusion of con-
tamined surface water or pollutant spreading over the surface of
water under the action of turbulent wind.

2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Connecticut

2.0247, MEASUREMENT AND ANALYSIS OF NATURAL-
TYPLE SURFACES AFFECTING FLUID FLOW
C.J, POSEY, Univ. of Connecticut, School of Engineering, Stors,
Connecticut 06268

Measurements of natural surface roughness (which have al-
ready been used in some hydraulic friction experiments in
preference to geometricai roughnesses) will be made with special
micrometer equipment and recorded on tape or punch-cards
which will then be analyzed for siopc and curvature distributions
with the aid of the computer program developed in the Connec-
ticut Institutc of Water Resources project ‘Analysis of Quasi-
Periodic Weather Data.*

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Connecticut

2.0248, OXYGEN STATUS OF SOIL AIR AND SOIL
WATER AS INFLUENCED BY OXYGEN TRANSFER
THROUGH THE SOii PROFILE

R.W. WENGEL, Univ. of Connecticut, School of Agriculture,
Storrs, Connecticut 06268

The purpose of this research will be to investigate and define
those factors affecting the diffusion and mass transfer of oxygen
through the soil profile with particular emphasis on the resultant
oxygen status of water moving laterally or downward toward the
ground watcr system.

The factors to be investigated are: soil air-space porosity dis-
tribution over the soil moisture relecase characteristic, oxygen sink
sources within the soil profile and their relative importance in ox-
ygen consumption, and the mass transport of oxygen during infil-
tration,

Soil porosity and soil water will be determined using standard
pressure plate and pressure membranc technique. Gaseous ox-
ygen in the profile will be determined from diffusion chamber
samples by gas chromatography. Dissolved oxygen will be deter-
mincd by polarographic techniques on soil water samples during
periods of saturation and by oxygen solubility calculations based
on gas-liquid phase equilibria during periods of unsaturation.

The quantitative measurement of oxygen transfer and utilica-
tion in soil will have application in studics of : oxidation-reduction
reactions in the lower soil profile, potential conditions for biologi-
cal oxidation of soluble organic contaminants in soil water, and
soil oxygen supply characteristics for subsurface oxidation of or-
ganic wastes such as those from small septic systems.

SUPPORTED BY U.S. Dept. of Interior - O, Water Res. Rch
University of Connecticut

2.0249, FLOW OF A ROTATING FLUID OVER IRREGU-
LAR SURFACE TOPOGRAPHIES
D.L. BOYER, Univ. of Delaware, School of Enginecring, Newark,
Delaware 19711

The objectives of this work are (1) to develop analytic solu-
tions and (2) to conduct experimental investigations of the flow
past arbitrarily shaped obstacles located on both the lower and

the upper surfaces of two ‘infinite* horizontal planes in a rapidly
rotating system.

The necessary flow conditions can be realized experimentally
by pumping fluid through a rapidly rotating rectangular channel
whose horizontal dimension is large compared to the obstacle
dimensions. A serics of experiments will be conducted to establish
a critical range of Reynolds and Rossby Numbers for which
Taylor Columns are formed. An effort also will be made to deter-
minc the flow pattern for the various regimes of Reynolds and
Rossby Numbers for which the phenomenon does not occur.

The physical systems will be investigated under two regimes,
Ro/Re is less than 1, where Ekman type boundary layers occur

along the solid boundaries and (Ro Re)1/2 is less than | where in-
ertia terms may be neglected everywhere.
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SUUPPORTED BY U.S, National Sciecnce Foundation

2.0250, FLUSHING PATTERN OF CERTAIN TiDAL
STREAMS IN DELAWARE
F.C. DAIBER, Univ. of Delaware, Graduate School, Newark,
Delaware 19711

Our various biological and hydrographic investigations
within the tidal crecks adjoining Delaware Bay over the past years
point up the need for a more thorough knowledge of the circula-
tion patterns and other hydrographic features within these tidal
crecks. This information will identify the location and volume of
fresh water during various tidal «nd seasonal conditions. Such in-
formation is of value in selecting sites and times for viithdrawal of
water for irrigation, farm and industrial usage. It has implications
in terms of domestic and industriai pollution and heaith, transport
of plant nutricnts from coastal marshes and survival of eggs and
larvac of fish and shellfish. This study could se: ve as a model for
study of crecks of other sizes and magnitude of tributarics. This
work is to begin in fiscal ycar 1967 and terminate at the end of
fiscal year 1969,

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Dciaware

2.0251, CLIMATE OF THE NORTHEAST - ANALYSES &
RELATIONSHIP TO PLANT RESPONSE (NE-35

D.J. FIELDHOUSE, Univ. of Delaware, Agricultural Experiment
Sta. , Newark, Delaware 19711

To analyze available meterological data to determine
frequency distributions of climatological variables and probabili-
ties of occurrence of certain weather patterns likely to influence
plant culture. Determine relitionships between macro and micro
climatic variables influential in crop production. Analyze records
on crop response, spread of plant discases, and severity of insect
infestations and determine if relationships exist with available me-
terological data. Determine by ficld observations, climate meu-
surements and detailed experimentation direct influence of cli-
mate on plant growth, discases, inscct pests and cfficiency of crop
trcatments.

Description of Work: To analyze the Dclaware wecather
records according to procedures developed in the Northeast to
determince heating degree days, growing degree days, drought
prehabilities and other similar analyses important to agriculture.

To determine the response of snap beans to variations in soil
and air temperature and to the cultural practices such as irriga-
tion, foliar sprays and mulches which affect these radiation de-
pendent climatic variables.

SUPPORTED BY U.S. Dept. of Agricuiture
Delaware State Government

2.0252, WATER ABSORPTION BY ASPARAGUS
D.J. FIELDHOUSE, Univ. of Delaware, Agricultural Experiment
Sta. . Newark, Delawarc: 19711
This project wiil contribute toward objective 2 of the Re-
gional project. 2. To determine the influence of plant and en-
vironmental variables upon water extraction from the soil profile.
The Delawarc Station will determine the effects of spray
mulches, stage of growth, growth retardants (which alter plant
size and physiological age) and precision tillage on the water ex-
traction patierns of vegetable crops. Precision tillage refers to the
crelzlztion of a deep tillage zone in close proximity to the intended
drill row.

SUPPORTED BY U.S. Dept. of Agriculture
Delaware State Government

2.0253, MORPHOLOGY AND HYDROLOGY CF
PLEISTOCENE DEPOSITS, DELAWARE

J.J. GROOT, Univ. of Delaware, Graduate School, Newark,
Delaware 19711 ‘

This project will: (1) attempt to determine ways by which
Pleistocene buried channels can be detected and reconstructed in
the Coastal Plain of Delaware, (2) determine the hydrologic
characteristics of the channel sediments and the amount of
ground-water pumping such channels will sustain.
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Pleistocene strcam channels are rather common in most
areas of the country that bordered the former Pleistocene ice
sheets. Where present, such channels are usuully an excellent
source of ground-water both from the standpoint of quantity and
quality. Ordinary seismic and drilling techniques are generally
quite successful in locating channel deposits in area of con-
solidated bedrock where the lithol ic contrast between bedrock
and channel sediments in great. However, in Coastal Plain areas,
the channel deposits are similar in nature to the adjacent sedi-
ments and detection by any single means becomes quite difficult.
Furthermore, no overall theory regarding channel formation and
subsequent erosional modification guided previous attempts in
locating channels. This study will use a combination of methods in
locating channels based upon a theory of formation and erssional
history recently worked out by one of the investigators,

A pilot arca containing known Pleistocene channels will be
studicd in detail using drilling and resistivity techniques in the
ficld. Extensive examination of core samples will be undei.aken
11 the laboratory. Following ficld expioration, pump tests will be
ruw to determine the potential ground-water yield of the channel
system. The overail conclusions will be checked against the
thcory and tne methods advised will finally bz tested in other
areas of the State.

SUPPORTED BY U.S. Dept, of Interior - O. Water Res. Rch
University of Delaware

20254, THE GROUND-WATER FLOW SYSTEM IN THE
DELMARVA PENINSULA
R.D. VARRIN, Univ. of Dclaware, Water Resources Center,
Newark, Delaware 19711

This study has as its prime objective a thorough understand-
ing of the ground-water flow system in the D.lmarva Peninsula.
The geological data on the propertics and distribution of aquifers
and non-aquifers have been summarized in cross-section form.
The basic data on the factors of the water balance-cvapotrans-
piration, water surplus, runoff, soil inoisture storage--have been
calculated from the analyses of more than 60 years of tempera-
turc and precipitation records from three representative stations
on the peninsula. The water balance calculations and geologic
data have becn uscd as input information in the design and opera-
tion of analog models.

Two viscous-flow analog models have been constructed: (1)
a vertical model to dectermine the nature of ground-water
discharge to Delaware Bay; and (2) a horizontal model to deter-
minc the effect of pumping from multiple-aquifer wells. Based on
the results of the viscous-flow analog tests and numerous field stu-
dies in Delawarc, an electric analog model of the ncrthern portion
of the Delmarva Peninsula has been designed and constructed.

SUPPORTED BY U.S. Dept, of Interior - O. Water Res. Rch
University of Delaware

2.0255, STREAM VALLEY ASYMMETRY iIN AN ARCTIC
ENVIRONMENT-CONDITIONS GOVERNING
GEOMORPHIC PROCESSES 7360

M.A. MELTON, Arctic Inst of North America, Washington, Dis-
trict of Columbia

The study is to investigate the geomorphology of the small
west-trcndin% valleys in high latitudes to establish (1) whether or
not these valieys exhibit any consistant asymmetry in their valley-
side sicpes, and (2) whether any asymmetry is more the product
of microclimatic differences across the valleys or is the result of
the behavior of the stream. Ficld methods and sampling designs
are expected to allow an objective estimate of the relative im-
portance of the various controls on valley asymmetry, from which
comparisons can be made with other climates in which stream
valley asymmetry has been observed.

The investigation was conducted in a numbe: of small east-
west trending valleys in the Caribou Hills area, east of the
MacKenzie River. Final analysis of data and synthesis has been
accomplished at the University of British Columbia and the fol-
lowing final repori has been submitted to the Army Research Of-
fice - Durham (Environinental Sciences Division ), Box CM, Duke
Station, Durham, N. C. 27708: ‘Stream Valley Asymmetry in an
Arctic-Subarctic Environment - Conditions Governing the
Geomorphic Processes’ by Barbara A. Kennedy and Mark A.
Melton, 1 June 67 - 31 May 68.




SUPPORTED BY U.S. Dept. of Defensc - Army

2.0256, A STUDY OF TECHNOLOGIES FOR REDUCING
WINTER WEATHER COSTS

A.G. RONHOVDE, Arctic Inst of North America, Washington,
District of Columbia

The purpose of the study is to identify promising mecans to
minimize and reduce the costs and negative effects of winter
weather on economic growth and development.

The study will apply particularly to the New England area,
the Upper Great Lakes Region, and to Alaska. However, the
study will have application to the whole northern tier of states and
to other areas which have severe winter weather.

The study will aim to identify and evaluate technological, en-
gincering, scientific and economic techniques and programs
whosz application would give promise of reducing the costs of
winter weather and thereby of economic benefit to affected re-
gions,

It also will seck to identify and cvaluate those rescarch and
development programs which can beneficially be applied in the
near future, and to indicatec subject arcas where additional
research and development would give promise of positive, short-
term results.

An attempt will also be made to forecast for the next five to
twenty years the major technological developments which may be
expected to aid in achieving winter weather costs reductions.

In arriving at recommendations it will be necessary also to
evaluate cultural, psychological and political impediments which
may hamper application of identified technologics.

SUPPORTED BY U.S. Dept. of Commerce - Econ. Dev.
Adm,

2.0257, RELICT COPEPODS FROM LAKE TUBORG, EL-
LESMERE ISLAND
T.E. BOWMAN, Smithsonian Institution, Washington, District of
Columbia 20560

Identification and enumeration of 2 spp. of calanoid
copepods collected in a plankton tow in partly brackish Lake Tu-
borg. Both specics are not now krown from coastal waters of the
Canadian Arctic islands, and are belicved to be relicts of a for-
merly more widespread brackish water fauna now restricted
mainly to Siberian Arctic coastal waters. Suggestions concerning
their origin in Lake Tuborg are given, using information on the
zt;gc of the lake determined by Cl4 dating of the lake water car-

onates.

SUPPORTED BY Smithsonian Institution

2.0258, MECHANICS OF WAVE ACTION IN DEEP AMD
SHALLOW WATER
T.SAVILLE,U S. Army, Coastal Engin. Res. Center, Washington,
District of Colutmbia 20016

Studies are made in both laboratory and field to determine
the characteristics of all types of waves (tsunamis, standing
waves, harbor surges, etc., as well as normal ocean gravity
waves), @i:d the change in these characteristics as the waves ap-
proach shore over a shoalirg bottom of varied characteristics, and
finally break. Study also involves such phenomena as wave set-up
and longshore currents which are generated by wave action. The
mechanics and kinematics of these waves are also studied.
Breakers and surf, and the reforming of waves after breaking are
included in this study.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0259, MECHANICS OF SAND MOVEMENT BY WAVES
T.SAVILLE, U S, Army, Coastal Engin. Res. Center, Washington,
District of Columbia 20014

Investigations will be made of the mechanics of sand move-
ment by waves by studying experimental models in a laboratory,
by making field measurements and observations, and by analytic
thcoretical work. Laboratory tests will involve the basic
mechanics of sand grain movement under wave action, studying
individual grain stresses and movement; data will be obtained in
both the field and laboratory on the quantitative movement of
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sand by waves for different shore configurations, and attempts
will be made to relate these to incident wave and current condi-
tions; ficld measuremeants will be made of the basic mecha'iics of
sediment transport, particularly by the use of labeled sand grains
which can be followed and identified over some distance of move-
ment; the effect of various types of structures on sediment move-
ment will aiso be examined.

SUPPORTED BY Ui.3. Dept. of Defense - Army

2.0260, CORRELATION OF BEACH PROPERTIES AND
INCIDENT WAVES
T.SAVILLE,U.S. Army, Coastal Engin, Res, Center, Washington,
District of Columbia 20016

Study is being made, in both field and laboratory, of the rela-
tionship between beach properties (including profile as well as
sediment properties) with incident wave and water level condi-
tions. Study also involves the effect of structures in affecting
changes in these characteristics,

SUPPORTED BY U.S, Dept. of Defense - Army

2.0261, HYDRAULICS AND DYNAMICS OF ESTUARIES
T, SAVILLE, U.S, Army, Coastal Engin. Res. Centcr, Washington,
District of Columbia 20016

Hydraulics and dynamics of inlets and estuaries, including
both flow and sedimentation and erosion processes wiil be studied
in models and the ficld, with thcoretical analysis. Estuarine ero-
sion as a result of wave action and ligh water levels wiil be a
specific part.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0262, WAVE RECORDING AND ANALYSIS
T.SAVILLE, U.S, Army, Coastal Engin. Res. Center, Washington,
District of Columbia 20016

A cooperative surf observation program with U, S, Coast
Guard coliects visual data on surf height, period, direction, and
type of breaker at 16 U, S, Coast Guard stations. Statistical com-
pilation is planned.

Recorded wave data are also collected at a number of loca-
tions along U. S. Coasts, and an automated system is under
development.

Work is on a wave direction gage using a rotating sonic cur-
rent meter as the indicator and a damped Rayleigh disc is un-
derway.

Pressure records are also planned for obtention at a station at
70’ and 35’ depths directly under the present relay type gage to
obtain data on changes in pressure as related to the depth of the
gage and pericd of the waves.

Standardized analytical methods for engizicering use are
being developed. New types of gages (such as rad»r, sonar, and
laser) are being studied.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0263, STABILIZATION OF SHORES BY GROINS AND
JETTIES
T.SAVILLE, U.S. Army, Coastal Engin. Res. Center, Washington,
District of Columbia 20016

Groin fields of varying design will be tested in a model basin
under varying conditiors of wave attuck and degrees of groin full-
ness. Amount of sediment passing the ficld will be trapped and
measured, Initial tests involve measurement of materiai prior to
groin installation to establish the littoral regime along an unen-
cumbered beach.

SUFPORTED BY US.S. Dept. of Defense - Army

2.0264, METHODS OF BYPASSING SAND PAST INLETS
G.M. WATTS, U.S. Army, Coastal Engin. Res. Center, Washing-
ton, District of Columbia 20016

Data are collected and compiled at ail known places where
by works of man, sand is passed across natural or improved inlets
of the shoreline. Such works presently include: )a) offshore
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breakwater and lee sand-trap to be periodically emptied by float-
ing hydraulic dredge plant; (b) fixed pumping plant and pipe linc
system at jettied inlet to provide continuous bypassing; (c)
periodic dredging with floating hydraulic dredge plant in overly-
widened channel in a jettied inlet; (d) weir-type jetty and reten-
tion basin to be periodically emptied by floating hydraulic dredge
plant; and (e) mechanical removal and transport by truck haul
from updrift accumulation to downdrift eroded area @t a fixed lit-
toral barricr. Quantitative and qualitative data, both physical and
economic, arc to be compiled and analyzed with the view toward
development of relationships which will serve as guide lincs or
criteria in the design of sand transfer systems.

SUPPORTED BY U.S. Dept. of Dcfense - Army

2.0265, GENERAL CIRCULATION - NUMERICAL
MODELING OF PRECIPITATION

J. SMAGORINSKY, U.S. Dept. of Commerce, Geophysical Fluid
Dynam. Lab. , Washington, District of Columbia 20004

A long term numerical integration of a moist general circula-
tion modecl utilizing the global grid system decveloped by Kurihara
is in progress. Preliminary results show realistic features of the at-
mospheric  circulation. For example, easterlics which
predominate in the summer stratosphere, and the world-wide dis-
tribution of rainfall arc in agrecment with obscrvations. A long-
term integration of the same hemispheric moist model but with
the horizontal resolution doubled produced values of the
poleward transport of heat and momentum by large scale eddies
which were closcr to observed valucs.

Sophisticated primitive models of the atmosphcre and oceans
have been combined, crecating a single interactive model of the at-
mosphcere- ocean system. Intcraction is through the exchange of
momentum, heat, and the excess of evaporation over rainfall.
This model will be used to study (a) the evolution of climate, (b)
the possibility of very long range weather predictions, and (c) the
climatic effects of artificial or inzdvertent weather modification.

The large-scaic hydrology of North Amecrica {cast of the
Rockies) covering a 5-year period was studied utilizing Travelers
Research Center’s analyses of some of the variables. Computa-
tions were made of mean monthly valucs of evapotranspiration,
streamflow runoff, precipitation, atmospheric water vapor flux
divergence, and surface and subsurfacc water storage changes. In
progress is a study aimed at describing in detail the characteristics
of the longitudinally averaged water vapor flux of the Nosthern
Hemisphere, on a mean monthly basis.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

2.0266, NUMERICAL PREDICTION OF CLOUDINESS
AND PRECIPITATION
J.D. STACKPOLE, U.S. Dept. of Commerce, Development Divi-
sion, Washingion, District of Columbia 20233

A study was initiated to incorporate a moisturc parameter in
the hydrodynamic forecast model presently in usc at the National
Metcorological Center. The study is a sub-project of a larger ef-
fort which dcals with baroclinic modeling with the primitive equa-
tions of wumospheric motion. The cxperience gained with the
present-NMC moisturc prediction model will be utilized as much
as possible, but some generalization is necessary to permit latent
hcat feed-back into the forccasts of motion and mass fields. The
more exact approach to thc problem is expected to yield im-
proved forecasts of cloudiness and precipitation. The project con-
tinues in FY68 with corrections or modifications of the model
controlled by fecdback from operational runs.

SUPPORTED BY U.S. Dept. of Ccmmerce - E.S.S.A.

2.0267, CLOUD AND PRECIPITATION FORECAST
MODEL
J.D. STACKPOLE, U.S. Dept. of Commerce, Natl. Metcorologi-
cal Ctr. , Washington, District of Columbia 20233

Objective - This project has as its principal aim the develop-
ment of more accuratc forccasts of cloudiness and precipitation.
The study is a sub-project of a larger effort (baroclinic modeling

with the primitive equations) devoted to improve forecasts of all

parameters in the atmosphere; and thus, its applications and
relevance to agency goals are consistent with the larger project. A
subord:inate goal of the project is to provide information on latent
heat generation in thc atmosphere. Such information is expected
to improve the accuracy of the primitive equation model
forecasts.

Approach - The expericnce gained with the present NMC
precipitation model has been used in the development of the new
approach. Moisture is considered in a single layer in the lower-
half of the atmosphere. The critcrion for condensation is based on
a flexible bound of mean relative humidity in the layer. Problems
in obtaining automatic analysis of moisture ficld could slow
progress.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

2.0268, REMOTE SENSING OF ESTUARINE WATER
AND VEGETATION, MARYLAND

R.R. ANDERSON, U.S. Dept. of Intcrior, Water Resources Divi-
sion, Washington, District of Columbia

Purpose: To determine which film or film-filter combinations
will provide the most information in aerial reconnaissancc of
estuarics ecosystems.

Mecthods: Correlate physical and chemical aspects of the
estuarinc environment with photographic and imaging charac-
teristics on various types of films. The ultimate goal of the project
is to be ablc to identify major plant communitics associated with
estuaries and evaluate water quality conditions both directly and
indirectly using indicator plant specics as a guidcline.

SUPPORTED BY U.S. Dcpt. of Interior - Geological Survey

2.0269, INVESTIGATION OF WATER RESOURCES IN
ALASKA
V. BERWICK, U.S. Dept. of Interior, Geological Survey,
Washington, District of Columbia 20242

Additiona! crest stage gages are being installed as part of a
program to definc the hydrologic relations of the small streams of
Alaska. The 20 new gages will bring the in place total to 80 out of
an ultimate minimum of 150. Operation of the existing gages is in-
cluded in the project.

SUPPORTED BY U.S. Dcpt. of Transportation - Public Rds.
Alaska State Government

2.0270, DRAINAGE AREA FLOW RESEARCH
F. BONER, U.S. Dcpt. of Interior, Geological Survey, Washing-
ton, District of Columbia 20242

The magnitude and frequency of flows from small drainage
courses is being investigated.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Montana State Government

2.0271, PERMEABILITY DISTRIBUTION AND SEDIMEN-
TATIONAL FEATURES

J. BREDEHOEFT, 1].S. Dept. of Interior, Geological Survey,
Washington, District of Columbia 20242

The rescarch effort is directed toward studying what might
be called ‘petrophysics' in which the aim is to determine princi-
ples of the functional nature of permeability distribution as re-
lated to lithology, sedimentational processes, etc. Although the
problem is complicated by the fact that the resulting sedimenta-
tional features (permeability distribution in an aquifer systeras)
were produced by countless hydraulic systems--no one of which
can be measured now--the problem seems amenablc to at least
some understanding through statistical analysis and elcctronic
computer techniques. '

The major objective of the permeability research is to dcter-
minc the factors and relationships that govern permeability dis-
tribution so that the physical characteristics of entire natural
systems can be predicted by indirect evidence. it is proposed to
develop geologic methods by which rock characteristics, as deter-
mined by sedimentational stratigraphic features, can be utilized to
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predict permeability distribution and the geometric form of the
components of natural water systems.

Two naturally occurring hydrologic systems have been used
as ‘field laboratories' in which to test the conceptual ideas. Much
previous research has been carricd out using the Tenslcep sand-
stone aquifer system in the Big Horn Basin, “Vyoming. Investiga-
tion of the Carrizo sandstone, a coastal plain aquifer of Texas,
which will be used as a second ficld laboratory, is now beginning.

SUPPORTED BY U.S. Dept. of Interior - Geologiczl Survey

2.0272, BASIC RESEARCH iN GEOMORPHOLOGY AND
HYDROLOGY
C.W. CARLSTON, U.S. Dept. of Intcrior, Water Resources Divi-
sion, Washington, District of Columbia

‘Underfit* strcams occur where local valley widening permits
the strcams to develop unconstricted freec meanders. The Driftlcss
Arca of Wisconsin contains extremely ‘underfit' strcams whosc
flood intensities and resultant meander wave lengths and belt
widths have been greatly reduced by the high storage capacity of
zlaciofluvial and glaciocrustrine valley fills. This study started in
the Driftless Arca of Wisconsin on the Black Earth Creek, an ‘un-
derfit* strcam, and has been expanded to include studies of in-
cised meanders and free meanders (valley width greater than
meander belt width) throughout the eastern United States. The
purpose of the project is to determine the relation of the Q1.5
(bankfull discharge) to meander wave length, mecander belt
width, mecander radius of curvature, stream width and slope. Such
data will be used to determine whether the incised meanders are
relics of earlier crosion cycles, to estimate the discharge required
to produce the incised meariders, to reconstruct the original area-
discharge relation of the inciscd meanders and, by comparing
these with area-discharge curves for U. S. strcam systems in vary-
ing climatic areas to estimate carlicr precipitation regimes of the
streams which now have incised meanders. In general to learn
more about the hydraulic geometry of meandering streams and
possibly to study the hydraulic geometry of frec incised meanders
in the laboratory.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0273, EXTREME HYDROLOGIC EVENTS & THEIR EF-
FECTS ON NUCLEAR FACILITIES
H. CARRIGAN, U.S. Dept. of Interior, Geological Survey,
Washington, District of Columbia 20242

The program was initiated in FY'67. at nuclear facilities is
necessary to deterzaine whether such events could initiate
radioactive material releases of an unacceptable degree. A study
of this type will permit answers to questions related to the amount
of ground water recharge that occurs in arid environments. The
likelihood that an unusually high water table rise might occur in
association with floods and humid environments leadin. to unac-
ceptable leaching rates and transport of buried or sorbed radioac-
tive wastes or to lowered bearing capacities of soils supporting
waste tanks or that headward erosion in:o burial trenches might
take place at 4 given site during extreme conditions of run-off in-
tensity and duration.

SUPPORTED BY U.S. Atomic Encergy Commission

2.0274, CORROSION AND ENCRUSTATION

MECHANISMS IN WATER SUPPLIES
F.E. CLARKE, U.S. Dept. of Interior, Geological Survey,
Washington, District of Columbia 2024

A variety of physical, chemical, and biological processes
determine tendencies of water supplics to cause objectionabie
corrosion problems in welis and other water handling equipment.
Knowledge of these mechanisms is necessary for proper predic-
tion of effects and preper coatrol. Quality characteristics of well
water supplics arc determined by ficld studics and the data arc
analyzed thermodynamically for evidence of potential encrusta-
tion and corrosion reactions. The work to date in deep well ficlds
of Egypt, Nigeria, and West Pakistan has revealed that the oxida-
tion reduction potential - pH relationship - is very important in
determining magnitude of corrosion damage. Chemical equilibri-
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um studics appear to indicate that degree of saturation with calci-
um carbonate and ferric hydroxide are major factors in determin-
ing the naturc and intensity of corrosion. Encrustation with fes-
rous carbonate, a common problem, appears to be independent of
the concentration of this mincral in the well water and to depend
primarily on kinetic factors, such as flow rate. Effective control
measures are being devised on the basis of these studies.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0275, INVESTIGATION AND ANALYSIS OF FLOODS
FROM SMALL DRAINAGE AREAS IN OHIO
W.P. CROSS, U.S. Dept. of Interior, Geological Survey, Washing-
ton, District of Columbia 20242

The existing program of flood studics and analyses arc being
supplemented to obtain an adequate measure of flood charac-
teristics for drainage arcas of less than one square mile by using
additional high stage indicators (pipes).

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Ohio State Government

2.0276,

STUDIES
G.P. EATON, U.S. Dept. of Interior, Geologic Division, Washing-
ton, District of Columbia 20242 '

To make geophysical surveys of the Safford Valley (Basin) in
support of ground water investigations and to intcrpret these
geophysical data to provide a greater understanding of ground
water hydrology of the Basin.

To determine the geometric configuration of the underlying
basement rocks, the thickness and character of basin-fill sedi-
ments, the areal extent and attitude of volcanic rocks and other
factors that might influence the occurrence of ground water,

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

SAFFORD VALLEY, ARIZONA GEOPHYSICAL

2.0277, WATERSHED SHAPE-FACTOR
A. EYSKINE, U.S. Dept. of Interior, Geological Survey, Washing-
ton, District of Columbia 20242

The objective of this project is to ascertair and establish a
factor which could be used in design formulas for culvert box, cul-
vert and minor structure capacities. The factor would take into
account the effect of the shape of the watershed with respect to
peak concentrations of discharge from the arca. At present this is
not taken into account as the practice is to design for maximum
discharge capacities. It is estimated that the shape can have a vari-
able effect up to 30% of the design capacity. Thus if this effect is
known a savings of up to a similar percentage figurc could result.

It is proposed to select control arcas and test sites in three
sections of the state.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
North Dakota State Government

2.0278, INVESTIGATION AND ANALYSIS OF FLOODS
FROM SMALL WATERSHEDS IN OKLAHOMA
A.A. FISHBACK, U.S. Dept. of Interior, Geological Survey,
Washington, District of Columbia 20242

The magnitude and frequency of flood peaks in one to fifty
squarc mile watersheds were investigated. Ninty crest-stage and
recorder gauges were installed and library rescarch was con-
ducted. During 1965 ten gauges will be installed, flood discharges
will be computed by hydraulic principles and flood characteristics
will be studied.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Oklahoma State Government

2.0279,
TION
D.W. FISHER, U.S. Dept. of Interior, Water Resources Division,
Washington, District of Columbia

The gencral objective is to obtain a better understanding of
environmental factors that determine the chemical nature of

CHEMISTRY OF ATMOSPHERIC PRECIPITA-
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precipitation and to assess the role of precipitation in determining
the quality of streams and of ground water.

Sampling networks are in operation in New York - New En-
gland, St. Thomas, V. L., and in North Carolina in three distinctly
different environments. A specific watershed is being studied in
North Carolina to relate precipitation chemistry to terrestrial
water quality.

Specific attention is being given to the correlation of the
sulfate and nitrate content of precipitation with atmospheric con-
centrations of sulphur and nitrogen to resolve basic problems on
the sources of some important precipitation constituents.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0280, FLOOD-FREQUENCY AND BASIN PARAMETER
RELATIONSHIPS IN SMALL DRAINAGE AREAS

H. GOLDEN, U.S. Dept. of Interior, Water Resources Division,
Washington, District of Columbia

Purposc: To determine the factors and physical relationships
that control the frequency and magnitude of floods on small
drainage basins (gencrally less than 15 mi2, and many less than 2
mi2), and develop reliable methods for estimating peak
discharges.

Methods: Depending on the climatic and other features of
the particular region, various methods and combination of factors
are analyzed and tested for reliability, based on past and current
records of flood flow, or synthesized floods. These factors include
basin shape, slope, geology, vegetative cover, land use, an-
tecedent precipitation; runoff volumes, peak discharge, and rain-
fall intensity and duration,

Geographical scepe: Work is being conducted in 35 states
and Puerto Rico as part of the program of water resources in-
vestigations conducted by the Geological Survey in cooperation
with the States.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0281, HYDROLOGY RESEARCH PROJECT
G.H. HAYES, U.S. Dept. of Interior, Geological Survey, Washing-
ton, District of Columbia 20242

The objective of this investigation is to obtain hydrologic
data on small watersheds and analyze the information so that it
can be used for the hydraulic design of highway drainage struc-
tures.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Maine State Government

2.0282, DISTRIBUTION OF ELEMENTS IN FLUVIAL
AND PRACKISH ENVIRONMENTS
V.C. KENNEDY, U.S. Dept. of Interior, Geological Survey,
Washington, District of Columbia 20242

To determine the distribution of major and minor elements in
solution, adsorbed, or in solid form in streams, to study the varia-
tion in mincralogy and exchange capacity of strcam sediments,
and their importance in transporting various elements, to in-
vestigate methods, such as fluorescent tracers, for following sedi-
ment movement into the marine environment and to determine
changes in adsorbed ions as sediment moves into the ocean.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0283, GEOMORPHIC ASPECTS (SISTERS AND WATTS
BRANCHES, MARYLAND)

L.B. LEOPOLD, U.S. Decpt. of Interior, Geological Survey,
Washington, District of Columbia 20242

The objective is the study of basic aspects of the hydrologic
cycle relating to processes by which water and sediment are
delivered to stream channels and transported by them.

At the Sisters Project, a 2.2-acre wooded watershed, a
detailed study is being made of the distribution of rainfall on the
watershed, the rains producing runoff, the characteristics and
routing of hydrographs for an ephemeral channel, the disposition
of water at or beneath the ground surface during rains, and the
mass movement of soil,

At Watts Branch, a small meandering channel that is mapped
and permanently monumented in detail, measurements of the rate
of channel movement in relation to the flow and climatic condi-
tions are being made,

SUPPORTED BY U.S. Dept, of Interior - Geological Survey

2.0284, LONG TERM CHANNEL CHANGES
L.B. LEOPOLD, U.S. Dept. of Interior, Water Resources Divi-
sion, Washington, District of Coiambia

A number of drainage basins ranging in size from several
acres to several square miles are being selected across the United
States. It is hoped that these will eventually include sites in all
physiographic and climatic regions. Beginning in 1962 and to
present sixty sites have been selected and measurements have
been recorded. In gencral, the study will consist of the following
measurcments or installations at each site: (1) topographic and
geologic mapping, (2) channel profile and crosssections, (3) soil
and vegetation description, (4) crest-stage gage and rain gage, (5)
mcasurements of erosion and mass movement, and (6) channel
scour. Repetitive surveys, yearly or as needed, compared to previ-
ous surveys will provide an indication of the long-term changes
occurring. Over a period of time, it is anticipated that a dclinca-
tion may be made between those changes which are man-caused
and those due to climatic changes.

The sites are similar in type to those that will be established
as part of the Vigil Network System. It is hoped that other coun-
trics will begin such investigations and data will be coliccted on a
worldwide basis. Techniques developed in the present study will
serve as a guide for future studies.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0285, INVESTIGATION OF SCOUR AT BRIDGES IN
ALASKA
L.S. LEVEEN, .S, Dept. of Interior, Geological Survey,
Washington, District of Columbia 20242

Scour at bridges in Alaska is being studied at selected sites in
the ficld. Initially only reaches where a bridge crosses a relatively
straight section of the stream channel are being studied. The
stream channel is surveyed upstrcam and downstream of the
bridge. Cross sections and longitudinal profiles of the strecam bed
are taken with an echo sounder for key discharges. Hydraulic and
transport variable studies include sediment size analysis, current
reiationships, mcasurements of suspended load, size analysis of
suspended load, velocity distribution at various stages, measure-
ment of scour depth, and determination of the discharge-frequen-
cy relation. It is believed that analysis of the data will lead to a
means of predicting scour at bridges.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Alaska State Government

2.0286, UNSATURATED FLOW STUDIES
W.0. SMITH, U.S. Dept. of Interior, Water Resources Division,
Washington, District of Columbia

Work is continuing on developing the theory for describing
flow in the unsaturated zone, with special reference to conditions
of constant temperature and to unsaturated flow under thermal
and under electrical gradients.

Further analysis will be made of theoretical developments
relating porosity and moisture content, as well as grain size and
sorting, to the dielectric properties of certain types of water-bear-
ing sands, and of the effects of structure, exchange ion, and water
content on dielectric propexties of clays. Laboratory experimen-
tal work will include measurement of dielectric constants and the
associated loss factors.

The water content of the unsaturated zone, and the
mechanism of water movement during infiltration are only poorly
known. An understanding of the infiltration mechanism is par-
ticularly applicable to the design of artificial recharge projects.
Present methods of determining water content in the zone tend to
disturb the sediments, and thereby make measurements inaccu-
rate. The determination of the dielectric behavior and water con-
tent is well known, dielectric behavior will provide an accurate
means of determining water content.
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SUPPORTED BY U.S. Dept. of interior - Geological Survey

2,0287, HYDROGEOLOGY OF ARTESIAN SYSTEMS AND
LIMESTCNE TERRANES ‘

V.T. STRINGFIELD, U.S. Dept. of Interior, Water Resources
Division, Washington, District of Columbia

Water in artesian aquifers consisting chiefly of (1) limestone,
and (2) sands and gravel is one of the principal sources of water
supplics in the Coastal Plain province in the southcastern States.
Artesian water in Tertiary limestonce in Florida and southcastern
Gceorgia is the principal source of water for municipal, industrial,
and irrigation supplics. Outside the Coastal Plain in the southcast-
ern States, the artesian systems are less extensive and less produc-
tive, but arc important sources of water.

Although tr.¢ aquifers arc known in a general way and much
detailed information has been obtained and published on local
areas, regional studics are being made to obtain a better un-
derstanding of such characteristics as (1) circulation, recharge,
and discharge of water in the artesian systems, (2) the relation of
occurrence and circulaticn of the water to recharge and discharge
areas and to geologic structures, (3) geologic conditions affecting
permeability and waterbearing capacity of aquifers, (4) solution
cavitics in the linestone, (5) geochemistry of the artesian water,
and (6) rclation of fresh artesian water to salty water in the
aquifer,

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0288, THE HYDRAULICS OF GROUND WATER TESTS
R.J. SUN, U.S. Dept. of Interior, Geological Survey, Washington,
District of Columbia 20242

The project was initisted in FY 67 and proposes to in-
vestigate the following aspects. The applicability of the several
currently available dispersion cquations to aquifers of differing
geologic characteristics; justification of the use of simplifying as-
sumptions that must be made; modification of basic equations to
account for change in hydraulic head duc to pumping of a sam-
pling well. Development of a computer program to simulate
ground water movement between tracer test wells and develop
methods for determining aquifer characteristics on the basis of
comparison of simulated and actual tracer flow tests. The results
of these studies will be utilized to develop an improved mathe-
matical model for description of the time concentration curve ob-
tained in a two-well tracer test which has operational advantages
over other ficld methods wherein there is a need for more so-
phisticated methods of applying ground water tracer techniques
to wastc transport by ground water through anisotrophic in-
homogencous media.

SUPPORTED BY U.S. Atomic Energy Commission

2.0289, SMALL DRAINAGE AREA STUDY
UNKNOWN, U.S. Dept. of Interior, Geologica! Survey, Washing-
ton, District of Columbia 20242

The investigation and analysis of floods from small drainage
areas in Arizona are being continued: selection of areas and the
installation of 100 crest-stage gages, on a statc-wide basis: compu-
tation of peak flow and drainage arca when gages and flood
hydrograph recorders indicate a flow or flood has occurred.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Arizona Statc Government

/

2.0290, ON SMALL DRAINAGE
AREAS
UNKNOWN, U.S. Dcpt. of interior, Geological Survey, Washing-
ton, District of Columbia 20242

Objective: Emphasis on smali drainage arcas, down to about
one square mile, and primary phascs of the program will be:
definition of discharge frequency relations on a regional basis and
collection of peak discharge data where existing coverage is in-
adequate. Conducted in West Virginia,

RUNOFF STUDIES

2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Woest Virginia State Government

2.0291,
AREAS
UNKNOWN, U.S. Dept. of Interior, Geological Survey, Washing-
ton, District of Columbia 20242

The objective is 10 determine the flood-discharge frequency
relations for strcams draining five square miles or Jess in the Statc
of Mississippi.
SUPPORTED BY U.S. Dept. of Transportation - Public Rds.

Mississippi State Government

FLOOD FREQUENCY FOR SMALL DRAINAGE

2.0292, HYDROLOGY STUDY
UNKNOWN, U.S, Dept. of Interior, Geological Survey, Wasling-
ton, District of Columbia 20242

Floods from small drainage areas are being investigated. Ob-
taining and analyzing information on stream-flow characteristics
will lcad to a more efficient design of bridges and culverts.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Vermont State Government

2.0293,
OREGON .
UNKNOWN, U.S. Dept. of Interior, Geological Survey, Washing-
ton, District of Coluinbia 20242

The work on this previously approved continuing project will
consist of analyzing previously collccted data on discharge from
crest- stage stream gages, flood hydrograph recorders and in-
direct mecasurcment of unusual floods.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Oregon State Government

SMALL STREAMS  INVESTIGATIONS 1IN

2.0294, INVESTIGATION AND ANALYSIS OF FLOOD
HYDROGRAPHS FROM SMALL DRAINAGE BASINS IN
SOUTH DAKOTA
UNKNOWN, U.S. Dept. of Interior, Geological Survey, Washing-
ton, District of Columbia 20242

Data are being collected on rainfall, basin characteristics and
flood flow, and the data arc being analyzed to devclop rclation-
ships suitable for prediction of the magnitude and frequency of
floods from any small watershed in South Dakota. The method
derived will be wsed for design of highway culverts and small
bridges.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
South Dakota State Government

2.0295, PROGRAM FOR INVESTIGATION AND ANALY-
SIS OF FLOODS FROM SMALL DRAINAGE AREAS IN
DELAWARE
UNKNOWN, U.S. Dept. of Interior, Geological Survey, Washing-
ton, District of Columbia 20242

Objective: To obtain an adequatc measure of streamflow
characteristics which will provide, within prescribed limits of ac-
curacy, an estimate of the magnitude and frequency of floods
which might be expected from small drainage areas in Delaware,

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Dclaware State Government

2.0296, PROGRAM FOR EYDROLOGIC INVESTIGATICN
OF SMALL DRAINAGE AREAS IN TEXAS
UNKNOWN, U.S. Dept. of Interior, Geological Survey, Washing-
ton, District of Columbia 20242

Hydrologic data to be used in the hydrologic design of
highway drainage structures are being obtained and analyzed for
determining the magnitudc and frequency of floods for drainage
areas ranging from 1 to 20 square miles.
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SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Texas State Government

2.0297, SMALL WATERSHED STUDY
UNKNOWN, U.S. Dept. of Interior, Geological Survey, Washing-
ton, District of Columbia 20242

Hydrologic data on small drainage basins which can be used
in the hydraulic design of highway drainage structures are ob-
tained and then analyzed.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Georgia Statc Government

2.0298, INVESTIGATION OF WATER RESOURCES.
FLOODS IN SMALL STREAMS IN TENNESSEE
UNKNOWN, U.S8. Dept. of Interior, Geological Survey, Washing-
ton, District of Columbia 20242

Objective: To obtain and analyze hydrologic data on small
drainage basins which can be used in the hydraulic design of
highway drainage structures.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Tennessee Statc Government

2.0299, HYDROLOGIC STUDIES
UNKNOWN, U.S. Dept. of Intcrior, Geological Survey, Washing-
ton, District of Columbia 20242

Objective: Prepare a statewide flood-frequency report for
streams with drainage arcas of 50 squarc miles or more, greatly
expand the collection of flood-flow information from small
streams, and analyze these data and prepare a flood-frequency re-
port for small drainage arcas.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Virginia Statc Government

2.0300, GEOLOGIC ASPECTS OF SEA-WATER EN-
CROACHMENT - RECOGNITION OF LATE GLACIAL SUB-
STAGES IN NEW YORK AND NEW ENGLAND
J.E. UPSCN, U.S. Dept. of Interior, Water Resources Division,
Washington, District of Columbia

Continuation of ficld mapping of Pleistocene deposits as in-
dicators of fluctuations of sea level. Currcnt work pertains to
identify, stratigraphic position; and extent of the Gardiners Clay
as an indicator of former position of shore line, and as a confining
stratum for ground water. Field studics earlier included Fishers

Island, Connccticut, New York, now shifted to eastern Long
Island, New York.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0301, INVESTIGATION AND ANALYSIS OF FLOODS
FROM SMALL DRAINAGE AREAS IN SOUTH CAROLINA
B.H. WHETSTONE, U.S. Dept. of Interior, Geological Survey,
Washington, District of Columbia 20242

Data on flood flow, drainage basin characteristics, and rain-
fall arc being collected and analyzed. Relationships will be
developed for predicting the magnitude and frequency of floods
from any small watershed in South Carolina. The method will be
used in highway culvert and small bridge design.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
South Carolina State Government

2.0302, INFLOW HYDROGRAPH STUDY
L. WIARD, U.S. Dept. of Interior, Geological Survey, Washing-
ton, District of Columbia 20242

The magnitude and frequency of flood volumes to be ex-
pected from small drainage areas in Wyoming are to be defined,
and also, the characteristic shape of flood hydrographs in relation
to the physical characteristics of the basins. A rational method of
accounting for the effect of embankment storage which will be
useful in culvert design is to be developed. Hydrologic data

(stream flow and precipitation) will be obtained for about 50 dif-
ferent basins.

Data on stream length, slope, stream density, size ~f drainage
basin, soil type, basin shape, and other factors will be compiled
for each basin. Acrial photographs were adequate, or standard
surlvcycilng methods, if necessary, on small drainage basins will be
utilized.

The feasibility of using climatic data to extend in time flood
records for a basin will be investigated, and also, the relation
between rainfall frequency and ruroff-volume frequency.

Assuming that rainfall frequency is defined by long term
records and that gencral rainfall-runoff volume relations can be
defined by the data obtained in this investigation, the frequency
of flood peaks can be approached through time lag charac-
teristics, The chosen approach to definition of the effect of em-
bankment storage in reducing flood peaks requires definition of
the time lag characteristics of the basic and the relation between
outflow and storage at the culvert sitc. Time lag characteristics
are being defined for each of the 50 basins as both rainfall and the
flood hydrograph are being measured. Time lags arc then related
to the physical characteristics of the basin such as length and
slope to provide a general method to be used in design. Data on
strcam length, slope, stream density, size of drainage basin, soil
:)ypg, basin shape, and other factors are being compiled for each

asin.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Wyoming State Government

2.0303, DISSIPATION AND DIFFUSION OF HEAT IN
STREAMS AND LAKES

N. YOTSUKURA, U.S. Dept. of Interior, Water Resources Divi-
sion, Washington, District of Columbia

Purposc: To develop a method for prediction of the tempera-
ture variation in strecams and lakes which are subjected to thermal
loading.

Methods: The encrgy budget method of temperature predic-
tion assumes uniform distribution of heat within a cross section of
a flowing water and accounts for heat exchanges at the bounda-
ries of the water body. It has been indicated theoretically that in-
clusion of longitudinal dispersion coefficients in a heat balance
equation would materially affect the distribution of temperature
along the length of a strecam. This project will initially emphasize a
basic study of the cffect of heat diffusion or of non-uniform dis-
tribution of heat within the body of water on the ultimate dissipa-
tion of heat. The effect of stratification of flows, especially in
estuaries, on heat dissipation will also be investigated.

SUPFORTED BY U.S. Dept. of Interior - Geological Survey

2.0304, DEVELOPMENT OF HYDRAULIC DESIGN
PROCEDURES FOR CONCRETE BOX CULVERTS WITH
STANDARD, IMPRCVED AND SIDE-TAPERED INLETS
H.G. BOSSY, U.S. Dept. of Transportation, Bureau of Public
Roads, Washington, District of Columbia

Design aids arz being developed and made available to
highway engineers for rapid selection of an economic type and
size of box culvert for a given site and design fiood peak, by
means of monographs for inlet control operation of box culverts
of present types, new designs for improved capacity by use of inlet
edge levels, and greater capacity side-tapered inlets.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.

2.0305, DYNAMIC PROPERTIES OF GRANULAR BASE
MATERIALS IN SATURATED AND PARTIALLY SATU-
RATED CONDITIONS

UNKNOWN, U.S. Dept. of Transportation, Bureau of Public
Roads, Washington, District of Coluinbia

The effect of the degree of moisture saturation on the

mechanical properties of granular base materials under high rates
of strain is being studied. These stress rates correspond to those
produced by traffic loadings on flexible pavements.
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SUPPORTED BY U.S. Dept. of Transportation - Public Rds.

2.0306, INVESTIGATION OF RAINFALL DISTRIBUTION
ON URBAN RUNOFF FOR IMPERVIOUS AREAS
D.C. WOO, US. Dept. of Transportation, Burcau of Public
Roads, Washington, District of Columbia

The effect of rainfall distribution (with time and arca) on the
urban runoff hydrography for impervious arcas is being studicd
using a mathematical model.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.

2.0307, STORM WATER INFLOW
N.GG. SMITH, U.S. District of Columbia, Highways & Traffic
Dept. , Washington, District of Columbia

Objective: To provide a better prediction of inflow to pump-
ing stations in the Washington arca.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
District of Columbia Government

2.0308, “<ADIOACTIVE FOOD-CHAINS iN THE SUBARC-
TIC EMVYIRONMENT

J.K. MIETTINEN, Helsingin Yli Helsing. Univ. , Helsinki, Finland
{AT-(30-1)3446)

Investigation of Lapps and Eskomos revealed in them in-
creased body burdens of several artificial (90Sr, 137Cs, 55Fc)
and natural (210Po, 210Pb) radionuclides resulting from fallout
and enrichment through food-chains. Although the main features
of this phenom.enon are already known, many prcblems still exist.
The above nuclides will be analyzed in runiinants (reindeer, elk)
and predators feeding on reindeer (welf, wolverine) as well as re-
lated animals (lynx, bear) by sample analysis, and in Lapps and
southern Finns by whole body counting. The maximal body bur-
dens of 137Cs in Finnish reindeer breeders (aver. 1.5 uCi in the
whole body; ICRP MPC is 3.0 uCi) were measured in April 1965,
Since then the levels huve decreased by about 15 per cent per
year except in 1966/67 when the decrease was 27 per cent dug to
exceptional grass growth, The body burden of 210Po and 55F¢ is
about 10 to 15 times, of 90Sr and 210 Pb about 3 times higher in
reindeer meat consuming Lapps than in southern Finns having a
more usual ‘western* dict. 210 Po and 210Pb in the hydrosphcre
will also be investigated, as vell as the spzcific activity concept of
lead, strontium and caesium in the environment.

SUPPORTED BY U.S. Atomic Encrgy Commission

20309, BIOLOGICAL (ENRICHMENT) CHAINS OF
RADIONUCLIDES IN FINNISH LAKES
J.K. MIETTINEN, Helsingin Yli Helsing. Univ. , Helsinki, Finland
1. Food chains of Cs 137 from global fallout are studiced in 12
lakes covering the whole range from oligotrophic to eutrophic
ones. Cs 137 content in water, plankton, plants and fish are deter-
mined annually. 2. Tracer experiments in natural lakes are carricd
out to elucidate the limnological factors effecting accumulation in
plankton, plants and fish of thc elements (Cs, Sr, 1, Ba, P, Ca) to
which the radionuclides belong which constitute the greatest
biological hazard in nuclcar fission or ncutron activation of soil by
a nuclcar explosion. 3. Excretion rates of the above elements in
various fish specics are determined using radioactive tracers.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

2.0310, WATER RELATIONS WITH CITRUS ON THE
FLATWOODS AND MARSHES OF THE EAST COAST
D.V. CALVERT, Univ. of Florida, Agricultural Experiment Sta. ,
Gainesville, Florida 32601

Project Objectives: 1. To determine the cffect of irrigation on
growth, yield, quality, and economic returns of citrus grown on
soils of the flatwoods and marshes. 2. To determinc the drainage
requirement of citrus under shallow drainage conditions using the
pumped well technique. 3. To evaluate factors that will minimize
the detrimental effects to citrus of saline water applicd through
low rate sprinklers.
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Description of Work Proposed: 1, Controlled irrigation ex-
periment. Soil moisture will be maintained at various levels by
mcans of supplemental irrigation in a block of ’Valencia’ orange
trees. Th2atment effects will be measured by wield, fruit quality
and tree size. 2. Pumped drainage experiment, Shallow wells will
be installed in citrus groves and water table draw-down charac-
teristics, citrus growth and yield responses to improved drainage
will be studicd, 3. Salinity Experiment, Water will be applied con-
taining varying salt concentrations through low volume sprinklers
under different humidity and temperature environments to both
orange and grapefruit varieties. The effect of these 1rrigations will
be assessed by leaf drop counts, visual ratings, and leaf analysis
for sodivm and chloride.

SUPPORTED BY Florida State Government

2.0311, HEAT BUDGET AND EVAPOTRANSPIRATION
OF FRUIT TREES
J. GERBER, Univ. of Florida, School of Agriculture, Gainesville,
Florida 32601

To conduct an investigation of the heat budget and
evapotranspiration of fruit trees to provide basic information
about the heat budget and water balance of the fruit tree as it con-
tributes to the overall energy budget and water balance.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

2.0312, CONSERVATION OF WATER RESOURCES
THROUGH MODIFICATION OF THE PHYSICAL AND
CHEMICAL PROPERTIES OF SOIL

L.C. HAMMOND, Univ. of Florida, Agricultural Experiment Sta.
, Gainesville, Florida 32601

Objectives: (1) The effects of soil propertics on soil wettabili-
ty and on water entry, storage and movement in the soil profile.
(2) The naturc and effects of soil organic matter in soil-water
relationships. (3) Creation of physical and chemical soil proper-
tics to contaminant attenuation in the soil,

Description of Work: Basic information on soil wettability,
soil water evaporation and the nature of soil organic matter wil!
be collected in laboratory studies of natural and treated soils.
Mecaningful soil property relationships which are found will be
used to modify thc soil for improvement of water entry and
storage in the soil profile and reduction of evaporation. Leaching
and incubation experiments will be used to obtain data on the mo-
bility, adsorbability, and persistence of chemicals (surface-active
agents, pesticides, evaporation retardants, and waterproofing
materials) added to the soil.

SUPPORTED BY U.S. Dept. of Agricuiture

MOISTURE RETENTION, MOVEMENT, MEA-

2.0313,
IN

SUREMENT, AND AVAILABILITY TO PLANTS
FLORIDA SOILS
L.C. HAMMOND, Univ. of Florida, Agricultural Experiment Sta.
, Gainesville, Florida 32601

Objective - To evaluate soil moisture in relation to plant
growth and in relation to the physical properties of Florida soils.

Abstract - Experiments include comparison of neutron, suc-
tion, and gravimetric methods of measuring soil moisture in rela-
tion to timing irrigation. Moisture retaining and transmitting pro-
perties of Florida soils will be measured in the laboratory for com-
parison with certain field measurements. Crop growth under dif-
ferent controlled water tables on flatwoods soils and water use
ratcctls by various plants on well-drained soils will be a part of the
study.

SUPPORTED BY Florida State Government

2.0314, WATER CONTROL FOR FOREST PRODUCTION
C.M. KAUFMAN, Univ. of Florida, Agricultural Experiment Sta.
, Gainesville, Florida 32601

OBJECTIVES: 1. To ascertain effects of non tree vegetation
particularly saw palmetto (Sarona repens Bartr.), on availability
of soil moisture. 2. To evaluate methods of reducing water loss by
controlling non tree crop vegetaticn. 3. To determine eifective
means of controlling water table levels by drainage or by irriga-
tion,




2. WATER CYCLE

The water loss attributable to forest vegetation other than
trees particularly saw palmetto, will be determined in order that
justifiable control measures may be evaluated. Means of produc-
ing more favorable soil moisture conditions, such as sitc prepara-
tion, drainage and irrigation to a limited degree, will be in-
vestigated, leading to cutlining of forest production procedures.

SUPPORTED BY Florida Statec Government

2.0315, EVAPOTRANSPIRATION AND SOIL MOISTURE
DETERMINATION AS GUIDES TO CITRUS IRRIGATION
R.C. KOO, Univ. of Florida, Agriculturai Experiment Sta. ,
Gainesville, Florida 32601

Work Proposed: A. Controlled experiment. Soil moisture will
be maintained at various icvels by means of supplemental irriga-
tion in a block of three orange (Hamlin, Pincapple, and Valencia)
and onc grapefruit (Marsh) varictics. Trcatment effects will be
measurcd by yicld, fruit quality and tree size. B. Develop a set of
evapotranspiration curves for citrus based on moisture loss as a
function of temperature by means of systematic soil moisture
measurement. C. Test the practical application of evapotranspira-
tion curves by calculating the soil moisture content in several
groves with the aid of current weather records. Soil moisture mea-
surements will be used to check the accuracy of the calculations.

SUPPORTED BY Florida State Government

2.0316, RELATIONSHIP BETWEEN EXCESSIVE SOIL
MOISTURE AND CITRUS ROOT DAMAGE

H.W. FORD, Univ. of Florida, Agricultural Expcriment Sta. ,
Lake Alfred, Florida

The project will evaluate the factors that influcnce the
growth and survival of citrus roots in relation to depth and spac-
ing of drainage tile and ditches. The effect of flooding on citrus
root survival as influenced by rootstock, anacrobiosis of site, and
anaerobic bacterial metabolites will also be studicd.

Data will be collected from commercial groves that contain
diffcrent soil types, rootstocks, and drainage procedures by utiliz-
ing water level recorders, recording rain gauges, and piczometers.
Root distribution will be measured by collecting roots with a soil
sugar. Effect of flooding on citrus root survival will involve meca-
suring bacterial metabolites chemically and by gas chromatog-
raphy evaluating certain indexes as an indication of the anacrobic
state, and establish the minimum rate of water movement neces-
sary to delay anacrobiosis.

SUPPORTED BY Florida State Government

2.0317, BIOLOGICAL PRODUCTIVITY RELATED TO

HYDROLOGIC CONDITIONS
M.C. KILIPINSKI, U.S. Dept. of Interior, Water Resources Divi-

sion, Miami, Florida

In progress is an investigation of seasonal and annual changes
in aquatic biological populations as affected by changes in water
levels and water quality in Everglades National Park. The popula-
tions inclu.c fishes, aquatic invertebrates, sedges and grasses,
plankton, and periphyton. The aquatic habitats sclected for study
are the fresh- water glade, the aligator hole, and the ecotone
between fresh and marine waters. The ecotone involves areas
where the shallow water of the open glades meets tidally in-
fluenced tributary strcams. Research stations are concentrated in
the Shark River Slough and the headwaters of the Shark River
that extend over 200 square miles or nearly 10 percent of the en-
tire park. New techniques have been developed for periodic
quantitative sampling of the aquatic fauna while in situ quadrats
have been established for quantitative study of the flora. Changes
in the bicmass and species composition of the biological popula-
tions will be related to salinity, water teinperature, dissolved ox-
ygen, free carbon dioxide, light, and naturc of substrate.

Aquarium studies with fresh-water animals are in progress to
determine thair ability to survive in the water of about 3 parts per
thousand chloride.

SUPPORTED RY U.S. Dept. of Interior - Geological Survey

2.0318, EVALUATION C7% RECENT VEGETATIVE

CHANGES IN EVERGLADES NATIONAL PARK
M.C. KILIPINSKI, U.S. Dept. of Interior, Water Resources Divi-

sion, Miami, Florida

A study, based on acrial photographs of Everglades National
Park taken betwecen 1927 and 1965, is underway to relate
changes in specics composition and density of plant communities
:_o Changes in fresh-water supply, fluctuations in water level, and
ire.

Features on randomly selected photographs of the Ever-
glades will be identified by reconnaissance observations in the
field. A Fairchild conteur finder is used for delincation of
planimetric dctails. The resulting stecreoscopic models from aerial
photographs of identical areas in different years are brought to
the same scale for comparison by use of vertical light projector.

SUPPORTED BY U.S, Dept. of Iaterior - Geological Survey

2.0319, SUBMARINE SPRINGS
F.A. KOHOUT, U.S. Dept. of Interior, Geological Survey, Miami,
Florida

The objective is to investigate the occurrence of submarine
springs as a neglected phenomenon of coastal hydrology and to
appraise the tools of remote sensing for ‘%iese studics. The dif-
ficulty and cxpense of direct obscrvations of submarine springs
hinders their investigation. Remote sensing tools are being evalu-
ated for application to the problem.

Overflights of known submarine springs along the Florida
coastlinc werc made by NASA Remote-Scasing aircraft. Sub-
marine springs 12 miles offshorc from Naples, Fla., and 2 1/2
miles offshore from Crescent Beach, Fla, were recognized in vary-
ing degrees by color photography, multispectral photography,
and infrared imagery. Analysis of results is continuing,

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0320, (U) INSTABILITY PATTERNS IN THE TROPICS
H.W. HISER, Univ. of Miami, Graduate School, Miami - Coral
Gables, Florida 33124 (DA-28-043-AMC-00443)

BY DELINEATING AREAS OF INSTABILITY THAT
MAY BE POTENTIAL HAZARDS TO ARMY OPERATIONS.

THE CARIBBEAN AREA THAT PRODUCE BAD
WEATHER, AND DEVELCP TECHENIQUES FOR MAPPING
AND ANALYZING THEM, 2) DETERMINE THE OPTIUM
PROCEDURE FOR USING WEATHER RADAR IN THE
TROPICS TO OBTAIN QUANTITATIVE PRECIPITATION
MEASUREMENTS,

SPONSORED WITH ASL THE ANNUAL TROPICAL
METEOROLOGICAL RESEARCH CONFERENCE WHICH
BROUGHT TOGETHER LEADING TROPICAL
RESEARCHERS FROM U, S. AND ABROAD FOR INCISIVE
DISCUSSIONS ON CURRENT STATUS OF TROPICAL
METEOROLOGICAL RESEARCH. THE CONTRACTOR
COMPLETED A CLIMATOLOGY OF TORNADOES AND
WATERSPOUTS AND DEMONSTRATED THAT UNIQUE
RADAR SIGNATURES ARE ASSOCIATED W(TH THOSE
PHENOMENA. CHARACTERISTIC DIFFERENCES IN AIR
MASS AND EASTERLY WAVE RAINFALL WERE RE-
PORTED. COMPREHENSIVE RADAR ANALYSES OF
SEVERE STORMS THAT PRODUCED INORDINATELY
HEAVY RAINFALLS WERE PREPARED. BOTH CON-
TOURED AND NON-CONTOURED RADAR DATA WERE
OBTAINED AND THE ENHANCED ANALYSES AND
FORECAST CAPABILITY THAT RESULTED FROM THE
FORMER, CLEARLY DEMONSTRATED ITS SUPERIORITY.
SEMI-ANNUAL AND FINAL REPORTS ON CONTRACT
DA28-043 AMC-00443/E/ WERE COMPLETED AND DIS-

TRIBUTED. THE WORLD METECROLOGICAL ORGANIZA-
TION CONFERENMCE IN VENEZUELA.
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SUPPORTED BY U.S. Dept. of Defense - Army

2.0321, REGEARCH INTO RECENT
CHANGES
E.B. KRAUS, Univ. of Miami, Graduate School, Miami - Coral
Gables, Florida 33124

Suitable record series will be collected in the first instance.
They will then be tested statistically for internal coherence and
metcorologically for existence of local peculiaritics.

Computational schemes will be devised to test on diffcrent
time scales the coherence and correlation of large numbers of
records. The possibility of different effects and relations in dif-
fercnt scasons may have to be considered. The correlations
between the hemispheres becomes eviderst only on a time scale of
at lcast several years. The development of special filter functions
and cross-spectra may be desirable.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

CLIMATIC

2.0322, INVENTORY OF THE GULF ESTUARY SYSTEM
N.G. VICK, U.S. Dept. of Interior, Bureau of Sport Fish. & Wife. ,
Panama City, Florida 32401

The objectivas of this study unit are to procurce and docu-
ment environmental and ecological data on the St. Andrew Bay
System, Panama City, Florida. These data will include (1) area
descriptions (2) hydrology of the bay system (3) sedimentelogy,
and (4) samples of the biological materials availabic seasonally
with emphasis on the sporting specics of marine fishes.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

2.0323, BEHAVIOR OF ESTUARINE ANIMALS
D.J. HANSEN, U.S. Dept. of Interior, Biological Laboratory,
Sabine Island - Gulf Breeze, Florida

Objective: Determine the effects of pesticides on the
behavior and physiological tolerances of estuarine animals.

Procedures: A. Using apparatus in whick a gradient of pesti-
cide concentrations can be established the ability of selected mol-
lusks, crustaccans and fish to sense and avoid pesticides will be
tested. B. Animals will be exposed to pesticide concentrations
that they cannot sense and avoid, and the alteration of behavior
and physiological tolerances will be determined.

1. Alteration of preferences will be studicd in salinity and
temperature  gradients, 2. After exposurc to pesticides, the
selected animals will be subjected to extremes of salinity, tem-
peraturc and other stresses to determine if sensitivity has been
changed. 3. Schooling fish will be exposcd to pesticides to decter-
mine if there arc changes in schooling patterns.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

2.0324, ESTUARINE ECOSYSTEMS
G.E. WALSH, U.S. Dept. of Interior, Biological Laboratory,
Sabine Island - Gulf Breeze, Florida

The purpose of this research is to determinc effects of sub-
Jethal concentrations of pesticides upon estuarine ecosystems. At
present, physical, chemical and biological characteristics of four
very similar coastal ponds are being analyzed to learn normal
seasonal variations, When these are known, three of the ponds
will be treated with pesticide and one will be utilized as a control.
Effects of pesticide upon population dynamics and community
structurcs will be studied after contamination,

SUPPORTED BY U.S. Dept. of Interior - Bu, Comm. Fish.

2.0325, ESTUARINE INVENTORY (FORMERLY CHEMI-
CAL ENVIRONMENT)
J.E. SYKES, U.S. Dept. of Interior, Biological Laboratory, Saint
Petersburg - St. Pt. Bc. , Florida 33706

The purposc of this project is to preparc a description of
physical characters, hydrology, sediments and biota in Florida
estuaries of the Gulf through field study and consolidation of ex-
isting data; to work with other Gulf States through the Gulf States
Marine Fisheries Commission in standardizing tcchniques and
data assimilation in similar state projccts; and to contribute jointly

2, WATER CYCLE

tows.cd the formation of a Gulf of Mexico estuarine atlas, Hydro-
chemical analysis will continue on allied Laboratory projects as
shown for the former Chemical Environ Project.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

2.0326, URANIUM AND HYDROGEN RADIONUCLIDES
AS NATURAL TRACERS IN THE FLORIDAN AQUIFER

J.K. OSMOND, Florida Statc University, Graduatc School, Tal-
lahassee, Florida 32306

The proposed rescarch involves the study of the distribution
of H-3, U-234, and U-238 in waters of the Floridan Aquifer to see
if variations in these radionuclides can add to our understanding
of the hydrology of the aquifer. Water samples will be collected
from wells, springs, and surface water in Northern Florida and the
tritum and uranium content determined, as well &5 the U-234/U-
238 ratio. Preliminary findings have shown that thesces values vary
widely in a pattern largely determined by the extent of local
recharge of the aquifer.

Of particular significance is the variation of U-234 relative to
U-238 because these isotopes do not fractionate by normal
chemical processes (and thus the variation is due to the factors of
mixing and time only), and the onc (U-234) is the radiogenic
daughter of the other (U-238) with a half-lifc of 250,000 years.
This means that this ratio is a function not only only of prescnt
hydrologic conditions but of thosc existing in the past
(Pleistocene Epoch) as well.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Florida State University

2.0327, REMOTE SENSING, GULF COASTAL AREA,
CENTRAL FLORIDA

R.N. CHERRY, U.S. Dept. of Interior, Water Resources Division,
Tallahassee, Florida

Purposc - To develop criteria utilizing remote sensing
techniques to identify arcas where fresh water is likely to occur in
an aquifer in ncar-shore areas.

Mcthods - An acrial survey will be conducted to sensc the
thermal contrasts of aquifer and sea water undcr at least four con-
ditions- during high and low tides in a period when fresh water
stages arc high and during high and low tides when fresh water
stages arc low,

Water temperatures, water velocity, and specific con-
ductance of water from submarine springs previously located will
be determined. The water stages of fresh water and sea water will
be recorded. These determinations will be compared with remote
sensing data which indicate submar.ne discharge and the relative
position of the zero piezometric contour.

SUPPORTED BY U.S. Dept. of interior - Geologicai Survey

2.0328, LAKE HYDROLOGY STUDIES
G.H. HUGHES, U.S. Dept. of Interior, Geological Survey, Tal-
lahassee, Florida

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Florida,

Available water-level records for fresh-water lakes in Florida
show appreciable variation among differences between the
highest and lowest obscrved water levels of individual lakes. The
differences range from 2 to 6 feet for about one-half of the total
number of lakes and from 6 to 12 or more fect for the remainder.
The objective of the initial phase of a gencral study of lakes is to
relate the magnitude of the water-level fluctuations to the type of
inflow that predominates and to the physical characteristics of the
lake and its drainage basin. The concepts developed for the study
will lecad to a better understanding of lake-level fluctuations and
to more meaningful interpretation of lake-level records.

Subscquent phases of the study will deal with lake evapora-
tion and variations of chcmical quality and tcmperature of the
lake water.
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SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Florida State Government

2.0329, REMOTE SENSING, EVERGLADES AREA,

FLORIDA
M.C. KOLIPINSKI, U.S. Dept. of Interior, Water Resources Divi-

sion, Tallahassee, Florida

Purpose: To determine the relations between water condi-
tions and biological populations in the Everglades by interpreta-
tion of airborne data and to develop new applications in natuyral
resources rescarch for data from remote sensors.

Mecthods: Spectral reflectance measurements of floral com-
munitics and water will be obtained using an airborne 18-channel
optical- mechanical scanner. The data will be accumulated in a
form that will allow use of a computer to identify and map the dis-
tribution and amount of selected communitics. Remote scnsing
data will be examined for potential in: detecting plankton blooms,
locating, alligator holes, and estimating populations of large
animals.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0330, WATER RESOURCES STUDY, DUVAL COUNTY,

FLORIDA
G.W. LEVE, U.S, Dept. of Interior, Water Resources Division,

Tallahassee, Florida

This rescarch is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Florida.

Purpose: To decterminc the surface- and ground-water
resources of Duval County.

Methods: The investigations of thc geologic and general
hydrologic characteristics of the Floridan aquifer which began in
1960 will be expanded to provide quantitative and qualitative
hydrologic characteristics of the aquifer. Geologic and hydrologic
data will be obtained for the surficial sand and shallow limestone
aquifers. Water use data will be obtained to determine trends in

watcr usc. The flow characteristics dispersion patterns and salini-
ty of the St. Johns River and tributary streams will be determined.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Florida State Government

2.0331, HYDROLOGY OF UPPER OLD TAMPA BAY,

FLORIDA
J.A. MANN, U.S. Dept. of Interior, Water Resources Division,

Tallahassee, Florida
This research is part of the program of water resources in-

vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Florida.

Purpose: To provide data for evaluating the hydrological ef-
fects of conversion of the bay into a fresh water lake and informa-
tion by which to judge the feasibility of similar plans in other areas
of the State.

Mcthods: The study will include the arca of the proposed
lake and an additional 25 to 35 square miles of land adjacent to
the lake in Hillsborough and Pincllas Counties. The quantity and
quality of surface and ground-water inflow into the bay will be
determined. Continuous conductivity and stage gages will be in-
stalled on the lake and the bay, and on selected wells in the area
to determine the degrec of interconnection between the aquifers
and the fresh water lake. Conductivity traverses will be made of
the upper part of the bay, supplemented by sampling sites, to
determine ground-water discharge into the bay. An evaluation
will be made of existing geologic a1d hydrologic data to deter-
mine the relation between changes in water quality and ground-
water storage. The areal extent, thickness, and permeability of

clay beds underlying much of the area will be determined. The
fresh water-salt water intergace will be monitored continuously.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Florida State Government

2.0332, DEVELOPMENT OF WATER SUPPLIES FOR IR-
RIGATION IN THE SOUTH
J.R. CARREKER, U.S. Dept. of Agriculture, Athens, Georgia

Object: To investigate conditions and methods under which
shallow groundwater, sand and limestone aquifers, ponds, and
other surface and subsurface water supplies and storage facilities
can be developed as sources of water for irrigation. Also to
develop design criteria.

Plan of Work: Based on information on shallow and deep
ground water sources acquired from surveys of State and Federal
groundwater agencics, etc., t~st installations are made. Borings,
test wells, pits, and other methods of exploration are used to
determinc the naturc of the aquifers and their pctential produc-
tive capacities. Water quality is determined and special attention
given to possibilitics of using water supplies having higher acid or
salt contents than normally considered desirable. Special
problems in design, construction, and management of surface
storage structures are considered. Availablc water supplies from
surface sources are determined. Measurements include rate and
amount of runoff and streamflow from small watersheds in rela-
tion to size, soil, ground cover and land management.

Cooperation: Georgia and South Carolina Agricultural Ex-
periment Stations; SCS.

SUPPORTED BY U.S. Dept. of Agriculture

2.0333, RELATION OF CLIMATIC AND WATERSHED
FACTORS TO RUNGFF RATES AND VOLUME YIELDS
J.C. STEPHENS, U.S. Dept. of Agriculture, Athens, Georgia

Object: To identify the climatic and watershed factors in-
fluencing the size, frequency, and duration of storm flows, and
seasonal and annual water yiclds, including surface and subsur-
facc components, from agricultural watersheds. To evaluate these
factors quantitatively and to develop procedires by which the
magnitude and frequency of storm runoff, and seasonal and an-
nual nct water yiclds may be estimated for ungaged watersheds in
the southern states.

Plan of work: The work is conducted on the Pigeon Roost
Creek expcrimental watershed near Holly Springs, Mississippi,
the Little River experimental watershed, Tifton, Georgia, on a
complex of agricultural watersheds in Southern and Centrai
Florida, on Ahoskie Creek watershed in Northeastern North
Carolina, and at Watkinsville, Georgia. Some of the factors
required for the analyses and which are measured or otherwise
documented for the study are: Rates and duration of streamflow;
precipitation patterns, antecedent moisture; season; scils; land
use; conservation and watershed management practices; ground-
water evclations; riparian vegetation; geology; gradients and
hydraulic roughness of stream channels; and the size, shape, and
other geomorphic attributes of the watersheds, On Litile River
experimental watershed, digital instruments arc being installed to
give a synoptic picture of hydrologic conditions over the entirc
watershed at 5-minute intervals.

SUPPORTED BY U.S. Dept. of Agriculture

2.0334, PRECIPITATION CHARACTERISTICS IN-
FLUENCING RUNOFF FROM AGRICULTURAL
WATERSHEDS

J.C. STEPHENS, U S. Dept. of Agriculture, Athens, Georgia

Object: To develop an understanding of the amounts, dura-
tion, areal and seasonal distribution, storm paths, and other
characteristics of rainfall as affected by geographic location,
topographic location, and other factors, to the extent that the
characteristics influence runoff from agricultural watersheds in
the southern part of the United States.

Plan of Work: Objectives of the studies are currently being
sought through networks of recording raingages on the Pigeon
Roos! Creek experimental watershed near Holly Springs, Missis-
sippi; and through networks of gages on agricultural watersheds in
Southern and Central Florida, and Northeastern North Carolina.
A dense network of digital recording gages is operated on the
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155-square-mile Little River experimental watershed, Tifton,
Georgia,

SUPPORTED BY U.S. Depi. of Agriculture

2.0335, RUNOFF PRODUCTION BY UNIT SOURCE AREA
FOR AGRICULTURAL WATERSHEDS IN THE SOUTH
J.C. STEPHENS, U S, Dept. of Agriculture, Athens, Georgiu

Object: To evaluate quantitatively, as onc of the important
factors in predicting runoff from ungaged watersheds, the runoff
producing potential of the major individua! soil-cover complexes
in the South under typical conditions of use and treatment.

Plan of Werk: The study is currently underway on unit-
source watcrsheds at Holly Springs, Mississippi, and Watkinsville,
Georgia. Correlations arc made between such factors as runoff,
precipitation, iand usc and conservauwon practices, and the physi-
cal and chemical characteristics of soils,

SUPPORTED BY U.S. Dept. of Agriculture

2.0336, SUBSURFACE AND GROUND WATER ACCRE-
TION, DEPLETION, MOVEMENT AND CONTRIBUTION TO
STREAMFLOW
J.C. STEPHENS, U.S. Dept. of Agriculture, Athens, Georgia
Object: To develop methods for predicting ground water
accretion and movement, subsurface and ground water contribu-
tion to streamflow, and basin recharge in relation to watcrshed
geology, soil and climatic factors, storm runoff, land use and
treatment, and watershed protection programs; to evaluate the
hydrelogical factors governing transmission gains and losses in
stream channels in the southern states; and to identify and mea-
sure geologic components associated with water yields from
ponds, pits, and irrigation wells in the southern coastal plains.
Plan of Work: The work is currently in progicss on the
Pigeon Roost Creck experimental watershed at Holly Springs,
Mississippi, on agricultural watersheds in Southern and Central
Florida, in Northerii Norih Carolina, and on the Little River ex-
perimental watershed ncar Tifton, Georgia. Among other factors,
the investigations include: Geologic mapping; ground water ob-
servations; soil moisturc dcterminations; fransmission capacities
of soils and aquifers; the consideration of influent and efflucnt
strcamflow: and the development and improvement of geological
interpretations to predict ground water yiclds from dug ponds and
pits, and the characterization of surface landforms associated
with ground water yiclds.

SUPPORTED BY U.S. Dept. of Agriculture

2.0337, EFFECTS OF SOIL, TOPOGRAPHY, CLIMATE,

CROPPING AND MANAGEMENT PROCEDURES ON RU-

:8ggEAND EROSION, AND ON THE PREDICTION OF SOIL
S

J.R. CARREKER, Univ. of Georgia, U.S.D.A. Sc. Watersh. Res.

Ct. , Athens, Georgia 30601

Object: To evaluate (1) the effects of slope steepncss and
length, rainfall amount, intensity and duration, cropping prac-
tices, tillage methods, and other proccdures on ficld runoff and
soil losses: and (2) the relationship of factors affecting runoff and
soil loss in the prediction of these E)sses.

Plan of Work: Thc collection of runoff and soil loss data from
soil and water management and cropping practicc plots under
natural rainfall will continuc on several land resource areas. New
practices such as interseeding of row crops, plow-plant, and
mulch tillage will be evaluated under different soil and slope con-
ditions, and their effectivencss compared with selected conven-
tionx: practices. The loss of farm chemicals in washoff will be stu-
died on small plot and ficld areas. Other studies will be concerned
with slope effects and with the relation of soil characteristics to
soil erodibility. The data collected will be applied in the soil loss
prediction formula to fill in the gaps for data nceded in the appli-
cation of this formula in conservation planning. Wind erosion
control measures will be adapted to southeastern conditions.

2. WATER CYCLE
SUPPORTED BY U.S. Dept. of Agriculture

2.0338, SPRING AND SUMMER HORTICULTURAL
CROPS

$.A, HARMON, Univ. of Georgia, Agricultural Experunent Sta. ,
Athens, Georgia 30602

l. To determinc the effect of irrigation and hormone sprays
when uscd singly and in combination in the production of fall
grown tomatoes. 2. To determine the etfect of irrigation and soil
fumigation when used singly and 1 combination on yield of to-
matoces, sweet potatoes, and strawberrics. 3. To measurc the ef-
fect of frequency and amount of irrigation water applicd and the
inter-relationship of thesc to rate of fertilization on yields of to-
matocs and swect potatocs,

Description of Work: The use of hormone sprays has been
completed and the use of plastic mulches with and without stakes
on fall tomatoes is now being studicd. Tomatocs arc set in August,
staked vs. unstaked, and replicated trcatments of black and clear
plastic with check arc used. Irrigation vs. no irrigation using an
overhead Skinner System will be compared also.

The interaction of fertilization and irrigation on yiclds of
Irish potatocs and beans is being studied. Two rates of fertilization
and four irrigation treatments arc used. Otherwise normal culture
and harvesting methods used.

SUPPORTED BY U.S. Dept. of Agriculture
Georgia State Government

2.0339, TRACING STORM AND BASE FLOW TO YARIA-
BLE SOURCE AREAS ON FORESTED HEADWATERS

J.D. HEWLETT, Univ. of Georgia, Graduate School, Athens,
Georgia 30602

Many important hydrologic decisions about the source of
floods, the nced for structures and the control of water pollution
depend on detailed knowledge of the path and timing of flow from
upland areas. Neither standard nor experimental methods are
presently adequate to classify or describe the source and timing of
water flowing past a mcasuring station. For example, classical
hydrograph separation methods and associated terminology arc
particularly inapplicable to forested headwaters. The Principal In-
vestigator has initiatcd a new concept of forest runoff produced
chiefly by subsurface flow from variable source areas.

No adequate records of rainfaii and streamflow from fully
forested Picdmont areas exist. A 60-acre forcsted catchment near
Athens, Georgia, will be operated for about 3 years, long enough
to apply the variable source arca conccept to description and pre-
diction of the source and paths of flow, the relative magnitude of
the different types of flow, and the rate of turnover in water
stored in various portions of the basin, Methods will include rain-
fall and streamflow measurement, soil mantle surveys by drilling,
scismic and electric resistivity methods, soil water measurement
by nuciear methods, and eventually a radioactive tracer to deter-
minc turnover rates.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Reh
University of Georgia

2.0340, A STUDY OF SUBSURFACE FLOW INTO MOUN-
TAIN STREAMS AS RELATED TO TOPOGRAPHY AND
PARTIAL SOURCE AREAS
J.D. HEWLETT, Univ. of Georgia, Graduate School, Athens,
Georgia 30602

The purpose of this work is to demonstrate the extent and im-
portance of partial source areas for subsurface flow from two
mountain forest areas, one in the Appalachians and one in Japan.
Records from the two areas will be analyzed by a common
method which will include common terminology and hydrograph
techniques. Antecedent moisture conditions over the catchments
will be estimated by a universal soil moisture prediction equation
and checked in the field. Delivery of water under different an-
tecedent conditions along the slope from stream to water divide
will be derived from rainfall and streamflow records and a model
for such flow will be offered as a contribution to existing hydro-
graph simulation programs which assume runoff to be essentially
a linear process. This study proposes to show just why the runoff
process in mountain areas is not linear.
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The work will be done chicfly at the University of Georgia
and the Cowceta Hydrologic Laboratory, Dillard, Georgia, In ad-
dition the records and some staff help will be available at the ex-
perimental watersheds of the Tokyo University forests.

SUPPCRTED BY U.S. Dept. of Intcrior - O, Water Res. Rch
University of Georgia

2.0341, TRACING STORM AND BASE FLOW TO VARIA-
BLE SOURCE AREAS ON FORESTED HEADWATERS

J.D. HEWLETT, Univ, of Georgia, Agricultural Experiment Sta, ,
Athens, Georgia 30602

To determine the source and path of travel of storm and basc
flows from a forested basin.

A 60-acre forested catchment at Whitchall, Georgia will be
gauged and operated as an obscrvation watershed for about three
years in order to describe the behavior of water on and in the soil.
Primary mcasurements wili be streamflow, rainfall, soil moisture,
ground water and soil physical properties. Flow will be calculat:d
and expresscd in various ways in order to relate volumes of water
to sourr:c arcas and also to rate the response of this catchment to
others in the Piedmont province. The organic and inorganic
solutes and sediments wil! be mecasured in detail by personnel of
the Southcast Water Laboratory and an attempt will be made to
relate these to the source of water flows. Results will be used to
support and clarify somec new concepts of streamflow as
gencrated by variable source arcas and unsaturated flow, rather
than by surface runoff and groundwater only.

SUPPORTED BY Gecorgia State Gevernment

2.0342, ECOLOGICAL SIGNIFICANCE OF ORGANIC
RELEASE PRODUCTS OF MARINE AND FRESHWATER
ANIMALS
R.E. JOHANNES, Univ. of Georgia, Graduate School, Athens,
Georgia 30602

The term ‘relcase products® refers here to mucus, molts and
dissolved organic matter recleased by aquatic animals. Recent
work indicates that these materiois play a variety of quantitatively
significant roles in the fluy of energy and nutrients in aquatic
ecosystems. Here, we will make measurements of the relcasc rates
of free amino acids and total dissolved orgaric matter by a wide
varicty of benthic and planktonic freshwater animals. Mucus
relcase rates will be determined for a varicty of corals, jellyfish,
and other mucus producers. Molting rates of the benthic
estuarine shrimp, Palaemonctes pugio, will be determined along
with the organic content of these molts. Loss of organic matter by
the above routes will be cempared with the rate of oxidation of
organic matter during respiration, and attempts will be made to
estimate rates of encrgy flow via these pathways in natural marine
and freshwater communitics. The utilization of these relcase
products by other organisms will also be investigated.

SUPPORTED BY U.S. National Scicnce Foundation

2.0343, THE PERSISTENCE IN AN ERODED SOIL OF
TILTH IMPROVEMENT ENGENDERED BY A SOD-BASED
ROTATION
L.S. JONES, Univ. of Georgia, Agricultural Experiment Sta.
Athens, Georgia 30602

(1) To determinc the changes that occur in soil aggregate
distribution, water stability of soil aggregates and the orgunic
matter and nitrogen level when the soil management practice is
changed from sod-based rotation to continuous cropping. (2) To
determinc the changes that occur in watcr infiltration on the
above described soils. (3) To determine the effects of continuing
cropping on the optimum moisture for tillage of soils previously in
sod-based rotations.

Soils on which sod based rotations have been in progress for
8 and 12 years will be plowed and row cropped for a minimum of
three years. Corn, at a plant population of 15,000 will be used as
the row crop. Nitrogen will be applied at a 150 pound per acre
rate. Limestone, phosphorous, and potassium will be applied at
rates sufficient to assure the maintenance of adequate levels of
those materials. (1) Soil samples will be collected from both the
surface and subsoil prior to the initiation of the experiment and

1-72

for threc succeeding years. Water st2bility and size distribution of
aggregates, organic matter, and r . pgen will be determined in the
laboratory. (2) Infiltration rate wul be determined in the field on
selccted plots. (3) Using suitable laboratory or field methods, an
attempt will be made to relate the effects of cropping systems to
the optimum soil moisture content for tillage.

SUPPORTED BY U.S. Dept. of Agriculture
Georgia Statc Government

2.0344, RELATION OF PHYSICAL CONDITIONS OF
SOILS AND RESULTS GBTAINED FROM IRRIGATION

R.A. MCCREERY, Univ. of Georgia, Agricultural Expcriment
Sta. , Athens, Georgia 30602

A. To determinc the effects of irrigation on: (1) Moisture in-
take and transmission characteristics of the soil. (2) Aeration
characteristics of soil. (3) Morphological and physiological
characteristics of crop plants. (4) lon uptake under ficld condi-
tions. B. To evaluate the accuracy and reliability of existing
moisture measuring devices.

Description of Work: Additional sites of the 11 soil series al-
ready under study will be characterized fully to lecarn the mag-
nitude of variaticns in propertics. It secms possible that other
critcria than those presently in usc for some serics scparations
may have to be developed by soil surveyors if the series concept is
to be vseful in crop management on the Picdmont, The slate belt
serics, 4 Herndon and Georgeville will be included in the current
years mvestigations.

Effccts of bed configuration on yicld of mechanically planted
peanuts under irrigation will be studicd. These effects may have
been masked in the past when hand planting was used because of
cxcessive traffic by personnel doing the planting.

SUPPORTED BY U.S. Dept. of Agriculturc
Georgia State Government

2.0345, FIELD EXPERIMENTS ON THE FLUX O¥
RADIONUCLIDES  THROUGH A  SALT MARSH
ECOSYSTEM, RENEWAL

L.R. POMEROY, Univ. of Georgia, Graduate School, 4thens,
Georgia 30602 (AT(40-1)-3238)

After some 12 years of work on the salt marshes of Georgia
by a number of investigators, it is now possible to begin building
modecls of the flux of matcrials through the system. A compart-
mental-diagram model, showing standing stock and flux of
phosphorus has been constructed. This is now being transformed
into a mathematical model suitable for computer simulation of
events in the salt-marsh ecosystem. The model will be tested and
refined by computer techniques. Deficiencies in our data shown
by computer analysis will be remedicd by additional, small-scale
ficld and labortory work. Manipulation of the mode: simulating
changes in flux and storage of phosphorus by various populations
(compartments) will help us predict the cffect of various natural
and marni-made changes on the ecology of salt marshes.

In its present primitive state our model tells us that the marsh
grass, Spartina alterniflora, which is the dominant primary
producer, is unusually important in the biogcock .aistry of
phosphorus in marshy estuarics. Spartina appears to be taking all
its phosphorus requirements from subsurface, reduced sediments
that would otherwise be a sink. This phosphorus is relecased into
the watcr when the Spartina dies and dccays, as most of it does.
This process undoubtedly has great significance in maintaining
high productivity in the estuary.

SUPPORTED BY U.S. Atomic Energy Commission

20346, A GEOGRAPHIC ANALYSIS OF THE
HYDROLOGIC RESPONSE IN THE SOUTHEASTERN
UNITED STATES

J.F. WOODRUFF, Univ. of Georgia, Graduate School, Athens,
Georgia 30602

The proposed research is directed towards establishing the
brcad regional patterns of hydrologic response in the Southeast-
ern United States. Maps will be drawn based on the hydrologic
response computed: as an average for the 30-year study period; as
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a 30-year average for the cool and warm seasons; as a ‘running
average' over the 30-year period; and for precipitation events of
varying magnitudes. It is expected that these maps will show re-
gional variations in how watersheds handle their precipitation;
how this varics with season; with magnitudc of precipitation
event; and how it has changed in the last 30 years as the result of
man’s activities.

In all cases, hydrologic response will be determined by divid-
ing the runoff by total precipitation for thc periods or events
being studied. Runoff will be separated from discharge by
Hewlett’s method. The response factor will be computed for 300
stations with ‘good* records and spaccd as evenly as possible
across the study area. Isolines of hydrologic response will be inter-
polated using these point valucs.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Georgia

2.0347, AN ANALYTICAL AND EXPERIMENTAL STUDY

OF BED FORMS UNDER WATER WAVEG
M.R. CARSTENS, Georgia Inst. of Technology, Schooi of En-

gincering, Atlanta, Georgia 30332

The development of, the geometry of, and the drag cxerted
by bed forms (dunes) which occur on the sca bed under first-
order Sto!inn waves has been studicd experimentally in an oseil-
latory-flow water tunncl. Three series of runs were performed
with a different bed material in each secries--0.297 mm glass
beads, 0.585 mm Ottawa sand, and 0.185 mm Ottawa sund. Total
amplitude of the oscillating water was constant during each run
and was varied throughout the range from 0.25 ft. to 3.0 ft. for
each series of runs. A final report for Contract DA-49-055-
CIVENG-65-1 (Georgia Institute of Technology) was issued in
Scptember 1967, Publication as a Technical Memorandum of the
Coastal Engincering Rescarch Center, U. S, Army Corps of En-
gincers is pending.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0348, HYDRAULICS OF FLOOD MOVEMENTS
M.R. CARSTENS, Georgia Inst. of Technology, School of En-
gineering, Atlanta, Georgia 30332

Numerical methods for the solution of thc non-lincar partial
differential equations (continuity and lincar momentum) for un-
steady, gradually varicd, open-channcl flow are to be thoroughly
examined. The thesis is to achicve the following: (a) a theoretical
development of the mathematical analog and definitions of tue
boundary conditions emphasizing the physics of flood routing; (b)
a eritical revicw of the literature; (¢) a suggested method (or
methods) of solution culminating in a flow chart for digital com-

putation. ) _
This rescarch is being used as the basis for a graduate thesis.

SUPPORTED BY Georgia Institute of Technology

2.0349, ADSORPTION OF IONS IN TRACE CONCENTRA-

TIONS ON SOIL AND SILT PARTICLES
G.G. EICHHOLZ, Georgia Inst. of Technology, Water Resources

Center, Atlanta, Georgia 30332

Study of movement of dissolved ions in very low concentra-
tion through compacted porous sand and soil volumes on sub-
micron size silt particles, as a function of reiative particlc size,
mineral and physical characteristics of the particles, water flow,
vorosity of a synthetic bad, and concentration of suspended
matter.

The present project involves primarily the mechanism of
movement of those ions that travel by adsorption on very fine silt
particles through the porous bed as contrasted with the move-

ment of ions by dynamic ion exchange on the exposed particle
surfaces. Radioactive traccrs arc employed where appropriate.

2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Interior - O, Water Res. Rch
Georgia Institute of Technology

2.0350, STUDIES OF SAPROLITE AND ITS RELATION
TO THE MIGRATION AND OCCURRENMNCE OF GROUND-
WATER IN CRYSTALLINE ROCKS
V.J. HURST, Georgia Inst. ¢f Technology, Water Resources
Center, Atlanta, Georgia 30332

In the southcastern United States saprolite, weathered rock
in which the original textures and structures are preserved, occurs
between rock and soil. Near the soil-saprolite boundary develops
a low permcability layer which retards infiltratica and incrcases
run-off during times of hezvy rainfall, This proposal is conr ‘rned
with the mineralogical, chemical, and textural characte; +¥ this
low-permeability zone, and the correlation of its occurrence and
scverity with rock type, rock structure, and topography, In order
to determine the nature of this zone, the complete profile from
soil through saprolitc to parent rock must be studied for com-
parison, Special attention will be directed to determining whether
traces of faults, shear zones, and joints act as prefercntial chan-
nelways through the low-permecability layer.

SUPPORTZED BY U.S. Dept. of Interior - O, Watcr Res. Rch
University of Georgia

2.0351, PILOT STUDY OF THE PROBABILITY OF OC-
CURRENCE OF CLIMATOLGGJCAL PHENOMENA IN THE
ATLANTA AREA
C.GG. JOHNSON, Georgia Inst, of Teshnology, School of En-
gineering, Atlanta, Georgia 30332

The purpose of this research is to examine in progressive
steps the relationship between present recorded climatological
data and its cffect upon specific systems of industry, Historical cli-
matological data will be arranged by statistical methods and used
to build probability predictive modcls, These models will then be
used to compare and verify their reliability and validity with cur-
rent local climatological occurrences. These devcloped models
wiil then be studied with respect to their specific influence on
focal systems of industry for degrces of predictable relationships,
The basic rescarch strategy is planncd on a series of progressively
larger pilot studics. Phase 1 of the research is complete and the in-
itial pilot model gave positive results, The rescarch at this stage is
nonsponsorcd and is primarily used as a subject for student
devclopment at the graduate Icvcel in the School of Industrial En-
ginccring at the Georgia Institute of Tcchnology.

SUPPORTED BY No Formal Support Reported

2.0352, ESTUARINE HYDROGRAPHY AND ITS ROLE IN
TRANSPORT OF NATURALLY PRODUCED FOODS AND
POLLUTANTS

T.L. LINTON, Georgia Inst. of Technology, Watcr Rcsourccs
Center, Atlanta, Georgia 30332

The major objective of the program is to conduct a hydro-

graphic study of the three representative types of estuaries that
“are found in Georgia. The estuarics of Georgia, as well as thosc of
thc entirec United States, are being destroyed at an accclerated
rate. Rescarch is needed to provide basic information concerning
estuarics to scrve as a guide in formulation of The National Estua-
ry Policy. Through studics of, (1) water mass movements, (2)
scasonal temperaturc, salinity and oxygen patteras, (4) seasonal
import of organic/inorganic materials, and (5) seasonal current
patterns, a better understanding of the role of hydrographic fac-
tors in the distribution of nutrients and pollutants into and
throughout the estuarics.

The estuaries of Georgia exist in a relatively undisturbed con-
dition. This study will provide basic information concerning the
conditions that arc fairly close to the natural state before man-
madc manipulations occur, and may thus explain some of the
causes of the high productive capacity of cstuarics. With in-
crcases in population and induttry the estuaries will be subject to
greater pollution zressurc. The hydrographic characteristics of
estuarics must be known and understood in order to predict the
amounts and Kinds of efflucnts that estuaries can receive and their
ultimate distribution after entry.
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SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Georgia

2.0353, THE EFFECT OF A PERMEABLE BED ON SEDI-
MENT MOTION

C.S. MARTIN, Georgia Inst. of Technology, Water Resources
Center, Atlanta, Georgia 30332 :

The propose:i study is a continuation of an investigation that
originally was compriscd of threc phases. In the completed first
phasc of the study the magnitude of the secpage force on the top
layer of sediment particles on a planc slope was determined. This
was accomplished by subjecting the planc slope to scepage flow
and then measuring the apparent angle of rcpose and the
piczemetric-hcad gradient within the bed at foilure. From the ex-
perimental results the scepage force on the top layer of bed parti-
cles was computed to vary from 1/3 to 1/2 times the correspond-
ing scepage fesce on sediment particles well within the bed.

The purpose of the proposed second phase of the study will
be to determine the criterion governing incipicnt sediment mo-
tion when a planc bed is subject to not only secepage through it but
boundary-layer flow over it, as is present in a strcam channcl. Ex-
periments will be conducted with sand comprising the bottom of a
rectangular water channel.

The third phase of the study will be a continuation of the
sccond phase in that the same experimental setup will be utilized.
In this ca. = the effect of the scepage force on sediment transport
will be ascertained. The sand bed will be allowed to move as the
flow through the channel and the secpage flow into or out of the
bed are varicd.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Georgia Institute of Technology

2.0354, TURBULENT FLOW THROUGH POROUS MEDIA
P.G. MAYER, Georgia Inst. of Technology, School of Engineer-
ing, Atlanta, Georgia 30332

‘T'urbulent flow through porous media is not treatable by Dar-
cy’s law since the incrtial effects may not be neglected.

In the proposed study, a mathematical solution will be at-
tempted using finite element techniques as applicable to com-
putcr spiutions.

A laboratory investigation is proposed to elucidatc the physi-
cal constants pertaining to turbulent flows through homogeneous
and non- khomogenecous media.

The results of the study will be useful in predicting flow pat-
terns in coarscly porous media and to determinc pressure dis-
tributions in earth and rock fill structures.

SUPPORTED BY Georgia Institute of Technology

2.0355, FLOW THROUGH ANISOTROPIC LAYERED
MEDIA

P.G. MAYER, Georgia Inst. of Technology, School of Engineer-
ing, Avlanta, Georgia 30332

Darcy’s law of flow through porous media cstablishes a linear
relationship betwecen sccpage velocity and hydraulic gradient.
When applied to a gencral three-dimensional flow field, the
‘scepage cocfficient is represcnted by a 3-by-3 matrix defined by
nine numerical constants.

Under anisotropic conditions thc permcability matrix is sym-
metrical and three principal axes exist in the direction of which
the secpage velocity components are colinear with the pressure
gradicnts.

The determination of equipotcntial lincs and of streamlines is
possible for amisotropic layered media by the mathcmatical
method of Finite Elements.

The labroatory study and possible ficld investigation will in-
clugg efforts to establish physical constants for natural porous
media.

The mathematical study and the laboratory investigations
will be correlated to provide tools for solutions of problems in-

volving ground water recharge and subsurface disposal of liquid
wastes.

SUPPORTED BY Georgia Institute of Technology

2.0356,

MEDIA
G.M. SLAUGHTER, Georgia Inst. of Technology, School of En-

ginecring, Atlanta, Georgia 30332

The first phasc of this investigation will consist of a library
search. It is felt that a collection of abstracts of studies madc to
date of fluid flow in the zone of aeration would be beneficial.

It is anticipated that the investigation will be extended to a
laboratory study of flow in an unsaturated porous media. It is felt

that more basic knowledge of this subject is required in order to
completely solve the hydrologic equation.

SUPPORTED BY Gecorgia institute of Technology

FLOW THROUGH UNSATURATED POROUS

2.0357, STATISTICAL ANALYSIS OF FLOOD ¥3ZAKS OF
GEORGIA RIVERS
G.M. SLAUGHTER, Georgia Inst. of Technology, Schoo! of En-

gincering, Atlanta, Georgia 30332

A statistical study, using the annual flood series of the 198
rivers/strcams of Georgia, which are measured by the U. S.
Geological Survey, will be made. The statistics to be computed in-
clude the following: mean, variance, standard deviation, coeffi-
cicnt of variatior, coefficicnt of skewness, and coefficient of kur-

tosis. The comp’. .tions will be performed on a Burroughs B-5500
digital computer by the use of an ALGOL 60 program.

On six of the rivers, which have 70 or more¢ years of record,
the statistics will be investigated in a number of different

chronological subsets in an effort to correlate the findings from
the rivers of shorter record.

The purpose of the study is to provide a better method of
establishing the design discharge for a given frequency (recur-
rence interval) for a given hydraulic structure.

SUPPORTED BY Georgia Institute of Technology

2.0358, AIR INJECTION INTO AN AQUIFER
G.M. SLAUGHTER, Georgia Inst. of Technology, School of En-
gincering, Atlanta, Georgia 30332

The proposed research plan involves a laboratory investiga-
tion of injecting air into a permeameter. It is anticipated that the
injected air will reduce the flow through the porous media. The

injected air thus becomes a barrier to the flow which could prove
quite beneficial in the casc of a salt water intrusion problem.

A preliminary study has been conducted in which the results
were not encouraging. That is, the injection of air into two dif-
ferent uniform sand test sections only decreased the discharge by
approximately 10 per cent. It is felt that this small reduction is due
in part to the scale effect of the permeamcter and therefore, addi-

tional investigations with a diffcrent type of permcameter are
planned.

SUPPORTED BY Georgia institute of Technology

2.0359, THE EXTRACTION OF POTASSIUM FROM

FRESH AND SALINE WATERS BY CLAY MINERALS
C.E. WEAVER, Georgia !nst. of Technology, Water Resources

Center, Atlanta, Georgia 30332
The general objective is to determine how and to what extent
the chemistry (particulariy potassium) of fresh and saline waters

is controlled by clay minerals and gels, both in the laboratory and
in natural environments,

Using waters of various compositions, the ability of a variety
of clay minerals to extract specific cations will be determined and
the mean free bonding energies of the cations calculated. The
release of interlayer clay water to the fluid will be measured and

the factors controlling the return of adsorbed caticns to the fluid
phase as the chemistry of the water changes will be determined.
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SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Georgia Institute of Technology

2.0360, THE EFFECT OF CLAY MINERALS ON THE
CHEMICAL COMPOSITION OF FRESH AND SALINE
WATERS

C.E. WEAVER, Georgia Inst. of Technology, Water Resources
Center, Atlanta, Georgia 30332

The gencral objective is to determine how and to what extent
the chemistry (Ca,Na, K, Mg, Al, Si, Mn, Fe) of fresh and salinc
waters is controlled by clay minerals and associated organic
matter, both in the laboratory and in natural environments
(rivers, estuarics, ground water).

The exchange of cations between the clay and the water can
be a major factor in controlling the chemical composition of natu-
ral waters. Much of the ground water in scdiments is present in
muds and shales or has been squeezed from them during burial.
Efforts will be made to determinc how the clay mincrals change
the chemistry of pore water during deep burial (down to 20,000
feet).

Laboratory experiments will be conducted to determine
quantitatively, the nature of the exchange of cations between the
various clay minerals and organic materials and various natural
waters. It will be determined how the nature of the clay-organic-
water interaction varics as the solid material moves from onc
water environment to another. Mecchanisms cffecting ion
exchange will be studicd and attempts will be made to determine
how strongly some of the cations arc bonded to the solids.

A scrics of clay cores extending to a depth of 16,450 feet will
be studicd. Chemical, mincralogic and isotope studies of these
cores will be made to determine how the clays modify the intersti-
tial waters during burial.

Ficld cxperiments will be carried out in one or more river
systems to determine quantitatively what effect the suspended
clay and organic material has on the annual load of cations car-
ricd by the rivers.

SUPPORTED BY U.S. Dept. of Intcrior - O. Water Res. Rch
Gceorgia Institute of Technology

2.0361, TROUT STREAM - SURVEY OF STREAMS AND
THEIR WATERSHEDS
C. HASTINGS, Statc Gamec & Fish Commission, Atlanta, Georgia

To collect additional pre-development biological and physi-
cal data regarding Walnut Fork and Hood Creeks.

To measure biological and physical changes in Walnut Fork
and Hood Crecks as erosion control methods and devices are em-
ployed.

Procedures: Both biological and physical data will continue
to be taken on Walnut Fork and Hood Crecks this fiscal year to
augment data taken previously and to measurc biological and
physical changes as erosion control methods and devices arc em-
ployed.

Data which will continue to be taken on these two streams in-
clude amounts of fishing pressure (crecl census), water tempera-
tures, air temperatures, strcam widths, stream depths, volumes of
flow, water velocitics, species of fish taken, numbers of fish taken,
lengths of fish, weights of fish, types of stream bottom, amounts of
cover, amounts of boitom organisms, classifications of bottom or-
ganisms, use of spawning sites--both natural and constructed, pic-
tures, movements of trout, turbidities, dissoived oxygen contcnt,
carbon dioxide content, hydrogen-ion concentration, total hard-
ness, and silt deposition,

Fish population studics (500 feet in length) will be continued
on these streams at the rate of threc sample areas per mile. Cresol
and/or shocking equipment will be used in collecting fish.

The bottom samples will be collected by the use of a surber
sampler which takes a sample of cnc square foot. Bottom samples
will be qualitative and quanitative. Organisms will be identified to
order and samples will be determined in quantity by volumetric
means.

The survey findings and any additiona! recommendations will
be reported.

2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Gceorgia State Government

2.0362, MECHANICS OF FLUID RESISTANCE
H.J. TRACY, U.S. Dept. of Interior, Water Resources Division,
Atlanta, Georgia

The one problem that is perhaps the most characteristically
hydraulic in naturc is the problem concerned with fluid resistance
at a boundary. The expenditure of encrgy throughout the flow is
dependent upon the boundary resistance. Adopting a basic view-
point, the problem is onc dealing with the transport of encrgy and
momentum by turbulent motion and the effect of these transport
processes in determining the mean flow fluid. In other words the
problem is vitally dependent upon the mechanism by which tur-
bulent fluid motion receives, transports, and expends encrgy.

The objective of this study is to attempt to describe the fluid
resistance in terms of dimensionless ratios characterizing the
physical dimensions of the roughness projections. The descriptive
measurcment of these effects, however, can contribute to the
development of any ultimate theory only if they are relevant to
the mechanisms which determine the flow field, in other words,
rclevant to the aforementioned transport processes,

Because suitable instrumentation needed to investigate and
mecasurc point velocity, turbulence, and energy spectra in water is
not yet available, the experimental work will be performed in an
artificially roughened, closed, circular, air tunncl using a hot-wirce
anemomecter. This work will consist of tests in which roughness
resulting turbulence and energy spectra will be used to determine
what gecometric ratios representative of the boundary roughness
arc significant as well as their influence upon choice of friction
cocfficient.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0363, IRRIGATION AND FERTILITY PRACTICES FOR
FLUE CURED-TOBACCO
G.N. SPARROW, Univ. of Georgia, Agricultural Experiment Sta,
, Tifton, Georgia

Objectives: 1. To determine a favorable balance of soil
moisture and plant nutrients for high yiclds of good quality tobac-
co. 2. To evaluate the hazard of excessive rains following im-
mediately after an irrigation. 3. To express these determinations
in standard terms in order to permit wide application of results.

Description of work: 16 treatments, consisting of 4 levels of
nitrogen under 4 levels of soil moisture, are arranged in a ran-
domized block design with 3 replications. Data obtained includes
soil physical characteristics, soil moistures, irrigation amounts
and frequency, yield, grade, acre valuc and chemical and physical
analysis of leaf samples.

SUPPORTED BY Georgia State Government

2.0364, THE RESPONSE OF PEANUTS TO SUPPLEMEN-
TAL IRRIGATION

J.R. STANSELL, Univ. of Georgia, Agricultural Experiment Sta. ,
Tifton, Georgia

Objectives: 1. To determinc the amount and frequency of
supplemental irrigation required for optimum production of
runner peanuts. 2. To determine the limits of soil moisture within
which runner peanuts will produce satisfactory yields of high
quality. 3. In cooperation with interested specialists, to study and
control if practical, the undesirable side effects of irrigation on
peanuts, particularly excessive pod shedding. 4. To ascertain the
comparative responses of selected varieties of peanuts to high
levels of soil moisture.

Description of work: A replicated study will be iritiated for
each of the four objectives above. (1) Runner peanuts will be
grown under 4 levels of soil moisture. (2) An automatic cover will
prevent rain from falling on plots. Four irrigation treatments will
be studied. (3) Chemical treatments of soil will be tested for ef-
fectiveness in preventing pod shedding under two levels of soil
moisture. (4) Four varieties of peanuts will be grown under two
levels of soil moisture.
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SUPPORTED BY Genrgia Statec Government

2.0365, HYDROLOGIC RELATIONS IN HAWAII
R.R. PULFREY, US. Army, Engincer District, Fort Armstrong -
Honolulu, Hawaii 96813

I, Purposc: To cstablish criteria for hydrologic design of
flood control projects and for plain information studics.

2. Procedure: The investigation involves data collected from
a dense network of rainfall and streamflow gages located in three
small drainage basins ranging from 4.3 to 6.2 square miles in arca.
The three areas are; Kalihi Stream - island of Oahu, Wailua
Stream - island of Kauai and Kohakohau Strcam - island of
Hawaii. Continuous record of flow at the three drainage arca out-
lets and two upstrcam points in two arcas is being obtained. Rain-
fall instrumentation includes 17 recording and 12 non-recording
rain gages. The basic data are analyzed to derive general rainfall-
runoff relationships which arc incorporated into hydrologic
design criteria,

3. Progress. Project Bulletin No. |, printed 30 November
1964, shows the preliminary results of studics in the Kalihi Basin.
Colicction of data in the Kalihi Basin will be completed at the end
of FY-67. The scheduled activity for fiscal ycar 1968 is the con-
tinued collection and analysis of rainfall and streamflow, data for
the remaining two basins, corrclation of physical charactcristics
of the drainage arcas and their effects on runoff, and development
of unit hydrographs.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0366, HYDROLOGIC STUDIES
HAWAIIAN ISLANDS

R.R. PULFREY, US. Army, Engincer District, Fort Armstrong -
Honolulu, Hawaii 96813

I. Purpose: To conduct a detailed analysis of selected past
Hawaiian Island storms for usc in various mecteorological in-
vestigations including determination of design rainfall for studies
or construction involving sircamflow.

2. Procedure: a. Part IA consists of compilation of basic rain-
fall data, construction of mass rainfall curves and preparation of
preliminary isohyetal maps by usc of isopercentile maps. b. Part
IB includes the tabulation of mass curve data, computation of
maximum accumulated rainfall amounts at cach station by
selected time intervale, and the determination of time of occur-
rence of maximum rainfall for selected durations. A detailed
meteorological analysis is prepared by the U. S. Weather Burcau.

3. Progress: Parts JA and IB for storm of 14-16 Apr 63, Island
of Oahu; Part {A, 24-27 Jan 56, Island of Kauai, and Part IA, 2-3
Apr 61, Island of Hawaii arc complete. Investigation of assigned
storms will continue in FY-1968.

SUPPORTED BY U.S. Dept. of Defense - Army

(STORM STUDIES)

2.0367, TIMBER AND WATERSHED
DEVELOPMENT RESEARCH IN HAWAII
R.E.NELSON, U.S. Dept. of Agricuiture, Honolulu, Hawaii
Object: To sclect the best adapted and most productive trce
species and dctermine management for timber and other pur-
poscs; to determine the hydrologic relations among climate, soils,
and wildland vegetation, and develop watershed management
methods for improved water yield, and flood and erosion preven-
tion; and to determine quality, propertics, and related charac-
teristics and requirements for processing and marketing woods.
Plan of work: Timber management rescarch is underway on:
cvaluation of trce species and provenances for adaptability to
various cnvironmental conditions; the silviculture of Acacia koa
and other sclected species; and determining the growth of
sclected exotic and native species. Current watershed manage-
ment rescarch includes studics of evapotranspiration, soil erodi-
bility, and rainfall-streamflow relations, Forest products utiliza-
tion research includes studies of mechanical and physical proper-
tics, durability, scasoning cf wood, and wood quality. The project
includes other studics to be undertaken during the next five years.

RESOURCES
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Cooperation: Hawaii Dept. of Land & Natural Resources;
University of Hawaii, Soil Conscrvation Service; Hawaii Dept. of
Social Services; Bishop Estate and C. Brewer & Co., Ltd.; Camp-

bell Estate; Hawaiian Fern-Wood, Ltd.; Honolulu Wood Treating
Company; and others,

SUPPORTED BY U.S. Dept. of Agriculture

2.0368, TRANSPORT PROCESSES IN FLUID FLOWS
A. OGATA, U.S, Dept. of Interior, Water Resources Division,
Honolulu, Hawaii

Techniques for constructing artificial sandstone modecls
simulating aquifer systems, and using dyes or radioactive tracers
to detail dispersion cffects in the fluid flow therein, are well ad-
vanced. The development of methodology is now pointed toward
the determination of those physical parameters of the medium
which control the pattern of flow. Because the description
requires & knowledge of the path of the fluid particles, the use of
tracer methods scems to be the most promising approach.
Theoretical study of presently available flow cquations will in-
volve the study of the matrix parameters by means of dimensional
and inspectional analysis. Laboratory analysis based on theoreti-
cal findings and various tracer characteristics is planned. Pro-

jected studies will involve progressively more complex media
characteristics.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0369, GEOPHYSICAL EXPLORATION FOR HAWAIIAN

GROUND WATER - PHASE 111
W.M. ADAMS, Univ. of Hawaii, Water Resources Research Ctr. ,

Honolulu, Hawaii 96822

The adaptation of geophysical exploration procedures and
instrumentation to volcanological hydrology, and application of
the methods developed to exploiting ground water resources in
Hawaii: A. A novel scismic corrclation technique using trans-
parent sonograms; B. Scismic holography; C. High voltage (5000
volts) electrical restivity system for restivity profiling to delincate
ground water scctors and for restivity sounding to cstimate the

water table depth in a scctor; D. Photometric reflectivity and mul-
tispectral photography for surveillance of coastal springs.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Hawaii

2.0370, STUDY OF THE ENERGY BUDGET ON THE
HAWAIIAN ISLANDS
J. CHANG, Univ. of Hawaii, Graduate School, Honolulu, Hawaii
96822

Incoming r+.diation, reflectivity of the ground surface, and

also its re-radiation will be studied in relation with evapotrans-
piration.

SUPPORTED By U.S. Dept. of Commerce - ES.S.A.

2.0371, GEOPHYSICAL EXPLORATION FOR HAWAIIAN
GROUND WATER - PHASE 11
D.C. COX, Univ. of Hawaii, Water Resources Rescarch Ctr.
Honolulu, Hawaii 96822

The applicability and further development of several
geophysical techniques to ground water cxploration problems in
Hawaii will be investigated: a) Seismic techniques in relation to
detailing lava structure at and below the water table, using signal
averaging techniques and vibration inputs and multiple impulses;
b) Resistivity surveys in relation to mapping of water-tables and
galt fresh water interfaces and location discontinuitics between
high-hcad and low-head ground-water bodies; ¢) Thermal and
light sensing in relation to detection and cvaluation of coastal
spring discharge; d) Electromagnctic sounding in relation to
determination of water-table depths in arid arcas.
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SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Hawaii

2.0372, PILOT EVAPOTRANSPIRATION STUDY WITH
LYSIMETERS OF WATER USE BY SUGAR CANE, PINEAP-
PLE AND TROPICAL TRUCK CROPS

P.C. EKERN, Univ, of Hawaii, Agricultural Experiment Sta, ,
Honolulu, Hawaii 96822

Objectives: 1, Develop a hydraulically counter balanced
lysimeter, 2. Develop lysimeters stable against tipping by very tall
crops. 3. Develop lysimeters for usc in very heavy rainfall and
with low-transpiring crops.

It is proposed in this project to initiate an investigation of the
cffect of water on crop yicld and quality of sugar cane, pincapple,
and tropical truck crops, extending earlier rescarch on the mag-
nitudc of consumptive usc of sugar canc and pincapple. Specifi-
cally in this pilot phasc it is proposed to investigate modifications
of semi contained hydraulic lysimeters required to make such
lysimeters suitaole for use with Hawaiian crops, taking into ac-
count, for cxample, the great height of sugar cane, the occasional
periods of very heavy rainfall and the low level of consumptive
usc by pincapple.

SUPPORTED BY Hawaii Statc Government

2.0373, EVALUATION OF THE SULFUR SUPPLYING
CAPACITY OF HAWAIIAN SOILS
R.L. FOX, Univ. of Hawaii, Agricultural Experiment Sta. ,
Honolulu, Hawaii 96822

l. To determine the sulfur status of Hawaiian soils and esti-
matc sulfur added in rainfall and irrigation waters. 2. To dcter-
minc the sulfur requircment of important crops. 3. To study fac-
tors which influence the availability of soil and fertilizer sulfur,

Soil profile samples will be examined for various sulfur fac-
tions, Crops will be grown on the soils in ficld and pot culture to
determine the availability of the various forms of soil sulfur. The
sulfur content of rain and air will be determined in relation to
distance and elevation from the sca. Factors which influence the
availability of fertilizer sulfur will be studiced.

SUPPORTED BY Hawaii Statc Government

2.0374, SOIL-WATER RELATIONS OF HAWAIIAN SOILS
R.E. GREEN, Univ. of Hawaii, Agricultural Experiment Sta. ,
Honolulu, Hawaii 96822

I. Determine the soil water retention and conducting proper-
tics of the important agricultural and watershed soils of Hawaii. 2.
Relate soil water retention and conductivity to the structural and
mineralogical propertics of soils. 3. Determine the magnitude of
hysteresis in both water retention and capillary conductivity, and
cevaluate its importance in soil moisture measurements by suction
techniques for irrigation control purposes.

Soil-water relations of several importani Hawaiian soils will
be studied in the laboratory using conventional pressurc-mem-
branc equipment to measure soil water retention and a stcady-
state flow system to measure capillary conductivity. These studics
will provide (1) necessary data for application of moisture flow
theory to complex infiltration and evapotranspiration problems,
(2) moisturc retention information nceded for precise soil
moisture control under irrigation, and (3) an evaluation of the de-
pendence of soil-water relations on soil structure and mineralogi-
cal composition.

SUPPGRTED BY Hawaii State Government

2.0375, WATER TRACING AND DATING IN HAWAI
HYDROLOGIC CYCLE
L.S. LAU, Univ. of Hawaii, Water Resources Rescarch Ctr., |
Honolulu, Hawaii 96822

It is proposed to investigate the applications of tracer
techniques, principally tritium and radiocarbon, to aid in deter-
mining the age, circulation and movement of water in the Hawaii
hydrologic cycle and particularly that part pertaining to ground
water. This project is to extend and cxpand a current project
headed by L. S. Lau and L. Barncs, entitled Ground Water Trac-

2. WATER CYCLE

ing, and jointly supported herctofore by the Water Resourees
Rescarch Center, University of Hawaii and Board of Water
Supply, City and County of Honolulu,

Tritium content will be assayed with a liquid scintillation
system with enrichment of samples. Radiocz.bon will be likewise
assayed but with benzene conversion. Water sampling will include
ground water, rain water and surface water mostly on Oahu. In-
terpretations of ficld data wiil be complemented with considera-
tions of thcoretical models.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Hawaii

2.0376, PREDICTION OF WATER MOVEMENT IN UN-
SATURATED SOILS

G. UEHARA, Univ. of Hawaii, Agricultural Experiment Sta,
Honolulu, Hawaii 96822

l. To investigate the nature of the particle coatings of certain
slowly wetted Hawaiian soils, 2. To investigate the influence of
ionic environment, pH, and moisturc content on the wettability of
these soils. 3. To evaluate the factors associated with the develop-
ment of slowly wettable soils,

Description of Work: Investigations on the cause leading to
slow wettability of certain soils and the correction of the property
arc the primary objectives of this project. Mcasurements of such
soil propertics as particle size distribution, soil aggregation, ionic
cnvironment, compaction, moisturc content and mineralogy by
standard methods and the correlation of those factors with wetta-
bility summarize the naturc of this work. In the event wetting pro-
pertics of these soils can be improved in the laboratory applica-
tion of the same technique in the ficld is anticipated.

SUPPORTED BY U.S. Dept. of Agriculture
Hawaii State Government

’

2.0377, MACADAMIA CULTURE
R.M. WARNER, Univ. of Hawaii, Agricultural Experiment Sta, ,
Honolulu, Hawaii 96822

The project objectives are to: a. Determine the best method
for establishment of macadamia orchards on bauxitic soils, using
heavy lime and fertilizer applications. b. Establish small clonal
orchards of the three principal macadamia varitics on Kauai for
future investigations on cultural practices, including mechanical
harvesting, where none now cxist. c. Study the value of supple-
mental irrigation on the establishment of young orchards in a high
but ecrratically distributed rainfall arca. d. Determine the value
and cffectiveness of grafting to eliminate bitter nut seedlings from
orchards by means of reciprocal stock and scion grafts, c. Study
on an cxisting ten- year old clonal orchard at the Waimanalo
Farm, ori Oahu, the cffects of three levels of supplemental irriga-
tion, heavy, light and unirrigated, on premature nut drop, sizc,
quality and total yicld of macadamia nuts. The three moisture
regimes will be maintained April to October during the critical
period when the main portion of the crop is developing.

SUPPORTED BY U.S. Dept. of Agriculture
Hawaii State Governnmient

2.0378, TIDAL EFFECTS ON GROUND WATER
HYDRAULICS IN HAWAII

J.A. WILLIMS, Univ. of Hawaii, Water Resources Rescarch Ctr, |
Honolulu, Hawaii 96822

It is proposed to study the response of basal ground water
aquifers to tidal fluctuations. Investigation wiil be limited to
scveral representative types of aquifer which may be found in the
Hawaiian Islands. The purpose of the study is to verify and
possibly extend cxisting analytical results through laboratory ex-
periment, to relate laboratory results with ficld observations, and
finally to determine the relationships between tidal response and
aquifer characteristics (i.c. storage, transmissibility, thickness)
for the aquifers tested.

The basic study wili be conducted with hydraulic models in
the laboratory, with analytic or analog techniques used to supple-
ment the model study. A pilot model of simple boundary
geometry for which analytical results are available will be used to
verify the modeling technique.
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SUPPORTED BY U.S. Dcpt. of Interior - O. Water Res. Rch
University of Hawaii

2.0379, PILOT-3TUDY OF
HYDROLOGY

1. WU, Univ. of Hawaii, Agricultural Experiment Sta. , Honolulu,
Hawaii 96822

Objectives: (1) To study the cxisting rainfall and strcamflow
data and the instrumentation schemes for obtaining such data. (2)
To study the flood damage from small watersheds to agricultural
land and urban arcas. (3) To review the current design criteria for
runoff and flood determination. (4) Design a long term project
for determining the rainfall runoff relationships.

Description of Work Proposed: (1) Review, collate, and
analyze the existing collections of rainfall, strcamflow, and other
data pertaining to runoff determination and floods in Hawaii. (2)
Study the present instrumentation schemes for obtaining such
data. (3) Study and appraise the applicability of formuiac and
review the current design criteria for runoff determination and
flood prevention construction. (4) Develop mathematic cqua-
tions for flood hydrographs which fit the hydrological situation of
the Hawaii Islands.

SUPPORTED BY Hawaii State Government

SMALL  WATERSHED

2.0380, STUDY OF IRRIGATION SYSZEM DESIGN
CRITERIA FOR HAWAIIAN VEGETABLE CROPS

1. WU, Univ, of Hawaii, Agricultural Experiment Sta. , Honolulu,
Hawaii 96822

Objectives: 1. To determinc the soil water relations of
Lalamilo soils. 2. To determine the soil-water-plant relations. 3.
To determine an adequate irrigation practice. 4. Economic analy-
sis of the yield and water use.

Description of Work Proposed: (1st ycar) 1. Collecting data
from pan cvaporation. 2. Collecting cvaporation data from barc
soil surface. 3. Determination of the soil water rclations. 4. Study
the irrigation pattern, the uniformity of its application. 5. Corrcla-
tion of pan, soil cvaporation to weather variables,

SUPPORTED BY Hawaii State Government

2.0381, PILOT STUDY OF SMALL WATERSHED FLOOD
HYDROLOGY IN HAWAII, PHASE 11
LP. WU, Univ. of Hawaii, Water Resources Rescarch Ctr. ,
Honolulu, Hawaii 96822

The proposed rescarch plan is a continuation of the original
project. This is designated as phasc 11

The primary objectives and scope of the project are 1) to
provide fundamental understanding on flood hydrology in Hawaii
through analysis and study of cxisting available precipitation and
streamflow data and with limited supplemental studies designes!
primarily to characterize physiography and land usc, and 2) to
evaluate the cffects on urbanization on flood discharge, and 3) to
preparc a rescarch program designed to study rainfall-runoff rela-
tionship and design criteria for flood drainage.

SUPPORTED BY U.S. Dcpt. of Interior - O. Water Res. Rch
University of Hawaii

2.0382, HORTICULTURAL CROP RESPONSE TO IR-
RIGATION PRACTICES
D.F. WILLIAMS, Univ. of Hawaii, Agricultural Experiment Sta. ,
Waiakoa - Maui, Hawaii

Project objectives 1) Determine the relative advantages of
different methods of irrigation for, and the cffect of irrigation at
different soil moisturc tcnsions on the growth of some major
island crops. 2) Relate laboratory mecasurcments of moisture
characteristics of thc major island soils (Project 133S) to crop
growth in the ficld under different irrigation practices.

Description of work proposed - Replicated plantings of
several vegetables and flowers will be overhead irrigated with per-
forain pipe and surface irrigated with gated pipe (furrow and
basin) and canvas trickle hose. Soil moisture and root growth pat-
terns will be followed by, and irrigation based on, meas irements
from moisture blocks and tensionmecters placed at different
depths and distances from the crop row. Crop growth and disease

incidence recerdings will be related to irrigation treatment and
daily pan cvaporation and nct radiation readings. Experiments
will be repeat planted at different scasons of the year to determine
season (day-iength, net radiation) - crop responsc interactions;
and on different soi! types to determine soil type-crop response
intceractions, and the rclationship of soil moisture characteristics
to crop responsc on different soils. Varictal, plant population and
fertility variables will be included wherever cxperimental design
permits,

SUPPORTED BY Hawaii State Government

2.0383, INVESTIGATION OF NEW METHODS
(NUCLEAR EQUIPMENT) FOR DETERMINING MOISTURE
CONTENTS, AND COMPACTION DENSITIES OF SOILS
AND AGGREGATES
H.L. DAY, Statc Dept. of Highways, Boise, ldaho

This study includes investigating new mecthods of determin-
ing moisturc contents and compacted densitics of soils and ag-
gregates including the usc of nuclecar equipment for this purposc.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Idak» State Government

2.0384, EVAPOTRANSPIRATION UNDER
CONDITIONS
L.M. COX, U.S. Dept. of Agriculture, Boise, idaho

Object: To study the loss of water by the evaporative process
from ponds, irrigated alfalfa and sagebrush rangelands in a
semiarid environment; to determinc the actual loss of water from
representative sites, including the microclimate and soil moisture
status; and for predictive purposes to develop a procedure for
proportioning thc available cnergy, including advective energy,
into sensible heat and latent heat fluxes for wide ranges of soil,
vegetation and moisturc conditions; and to deveiop coefficicnts
for estimating actual water logs in terms of the potential cvapora-
tive demand.

SUPPORTED BY U.S. Dept. of Agriculturc

NATURAL

2.0385, INFILTRATION AS INFLUENCED BY SOIL-
VEGETATION COMPLEXES
L.M. COX, U.S. Dept. of Agriculture, Boise, Idaho

To dctermine the infiltration capacity of the various soil
vegetation complexes occurring on a semiarid mountainous
watershed under different antecedent moisture conditions and for
various levels of intensity and duration; and to develop predictive
relationships associating cxpected infiltration to soil and vegeta-
tion propertics, scil temperature and moisture status; and
mctcorological factors,

Plan of Work: This work is in progress on the Reynolds
Creck Experimental Watershed southwest of Boise, 1daho. A
rainfall will be used to cvaluate site infiltration on the various soil-
vegetation complexes that have already been delineated.

SUPPORTED BY U.S. Dept. of Agriculturc

2.0386, PRECIPITATION CHARACTERISTICS IN-
FLUENCING HYDROLOGIC PERFORMANCE OF
AGRICULTURAL WATERSHEDS IN THE PACIFIC
NORTHWEST

W.R. HAMON, U.S. Dept. of Agriculture, Boise, Idaho

Object: To develop methods for evaluating precipitation for
an arca, both with respect to rates and amounts; to determine
scasonal variations in precipitation types and amounts, storm du-
ration, intensity and arcal extent expectancies; to determine per-
tinent characteristics of precipitation with respect to runoff and
scdiment movement; and to evaluate the characteristics of the
snowpack producing storms.

Plan of Work: The work is carried on principally in the
Reynolds Crecek Experimental Watershed southwest of Boise,
Idaho, by means of a network of recording raingages and snow

courses for precipitation measurements. Some aspects of the stu-
dies are in progress from headquarters in Moscow, ldaho.
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SUPPORTED BY U.S. Dept. of Agriculture

2.0387, RUNOFF AND SEDIMENT MOVEMENT ON UNIT
SOURCE WATERSHEDS OF THE PACIFIC INFLUENCED
BY CLIMATE, SOILS, VEGETATION AND TOPOGRAPHY
W.R. HAMON, U.S. Dept, of Agriculture, Boise, Idaho

Object: To develop methodology and criteria for characteriz-
ing soil-vegetation-geologic complexes; to cvaluate the cffects of
these complexes on storm runoff, water yicld and sediment move-
ment; to determine the cffects of these complexes on deposition
and melt of snow and evaluate the interrclations of climatic fac-
tors with these complexes; and to develop criteria for judging
areas of high water yicld, storm runoff, and scdiment production
from known paramecters,

Plan of work: This work is in progress on the Reynolds Creck
Experimental Watershed southwest of Boisc, Idaho. Various soil
vegetation-geologic complexes have been delincated and instru-
mented intensively to measure preeipitation; sediment yield; tem-
perature, radiation; wind; slope; watershed shape, size, and expo-
surc; amount and kind of vegetation; kind of soil and rock; snow
density and depth; height and distance of obstacles to wind and
snow, and other factors which may be pertinent.

SUPPGRTED BY U.S. Dept. of Agriculture

2.0388,
AREAS
F.M.SMITH,U.S. Dept. of Agriculture, Boise, Idaho

To determine the physical and metcorological factors con-
tributing to nonuniformity of snow accumulation in shrub-
covered study basins on mountainous terranc; to determine the
influcnce of the controlling physical and meteorological factors
on snowmelt from the above arcas.

Plan of Work: This work is in progress on the Reynolds
Creck Experimental Watershed southwest of Boisc, Idaho. A
photogrammetric technique is being used to describe the basic
land and snow surfaces with such precision that it is possible to
analyze accumulation and melt patterns over the entire study
arca, An cnergy balance at the snow-surface is also used to evalu-
ate the melt rate.

SUPPORTED BY U.S. Dept. of Agriculture

SNOW ACCUMULATION AND MELT ON STUDY

2.0389, FUNDAMENTAL ASPECTS OF WATE: EROSION
IN THE PACIFIC NORTHWEST
M.E.JENSEN, U.S. Dept. of Agriculture, Kimbeiiv, idaho

Object: To determine the causative factors of water erosion
and the processes by which soil materials are removed and trans-
ported by water; to develop suitable methodology and Jevices for
studying water crosion phcnomena; and to determine effects of
various soil, crop, land surface, topography, and climatic factors
on infiltration and water crosion in the Pacific Northwest.

Plan of Work: Work under this project cmploys devices such
as rainfall towers, portable ficld rainulators, and extensive field
and laboratory plot control equipment for application of rainfall
under specified conditions. Deveiopment of such research tools is
a part of this activity. Control of climate including freczing and
thawing of cxperimental plots, both prior to and during watcr ap-
plication tests, as well as fixed control of soil variables by con-
trolled tillage, crop residucs, and other management factors per-
mit development of basic relationships between various soi},
cover, and climatic factors and the phenomena of soil loss by
water erosion. The infiltration and water transmission in frozen or
partially thawed soil is under investigation.

Cooperation: Washington Agricultural Experiment Station;
SCS; and others.

SUPPORTED BY U.S. Dept. of Agriculture

2.0390, SIMULATION MODEL FOR EVALUATION OF
INTERCEPTION FROM FOREST TREES

G.H. BELT, Univ. of Idaho, Graduate School, Moscow, ldaho
83843

179
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Digital simulation models expressing the mechanisms con-
trolling accumulation and depletion of intcrcepted snow from sin-
gle trces will be developed. The models will reflect both
metcorological and vegetational parameters influencing the inter-
ception process, The validity of the models will be tested using ex-
perimental data gathered by the Principal Investigator and ob-
tained from the literature.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Idaho

2.0391, EFFECT OF PHYSICAL PROPERTIES OF
POROUS MEDIA ON WATER MOVEMENT
G.L. BLOOMSBURG, Univ. of Idaho, School of Engincering,
Moscow, Idaho 83843

The work will involve a numerical solution of the Navier
Stokes equations for flow arour.d arrays of particles. The numeri-
cal solution for the velocity and pressure distributions will be
compared to experimental results, Another portion of the project
will consist of relating the permeability of porous media dircctly
to physical propertics of the media -- such as porosity and parti-
cles size -- with no undefined shape or orientation factors. This
portion of the project will consist largely of review of cxisting
theorics and cxperimental work.,

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Idaho

2.0392, EFFECT OF EXTERNAL AiR PRESSURE ON
LIQUID FLOW THROUGH A POROUS MEDIUM

G.L. BLOOMSBURG, Univ. of Idaho, Agricuitural Experiment
Sta. , Moscow, ldaho 83843

Objectives: (1) To determine the effect of exiernal pressure
on th liquid permeability of a porous medium containing trapped
air. (2) To determine the cffect of cxternal pressure on the
amount of trapped air.

There is evidence from several field studies of canal scepage
that there is a relationship between atmospheric pressure and
permeability due to trapped air in the soil. In this laboratory study
the relationship will be studied as well as the effect of pore size
and atmospheric pressurc on the amount of trapped air. The
porous media used will be glass beads packed into a plastic
column approximately 1 1/4 inches in diameter and 2 feet long. A
hydrocarbon liquid or water will be used as the flowing liquid.

SUPPORTED BY U.S. Dept. of Agriculture
Idaho State Government

2.0393, DISTRIBUTION AND ECOLOGY OF AQUATIC
INSECTS OF IDAHO
M.A. BRUSVEN, Univ. of Idaho, Agricultural Experiment Sta. ,
Moscow, Idaho 83843

Objectives: (1) Inventory the aquatic insects of Idaho to
determine their distribution and abundance. (2) Study the biolo-
gy of the aquatic insects of Idaho for the purpose of determining
their life histories, ecological habitats, intcr-and intra-specific
relationships with other animals, parasites and pradators, food
habits, and importance to man and domestic animals. (3) Study
the population dynamics of insects in selected aquatic habitats in
order to determine and evaluate the biological and physical ef-
fects of the environment on the population.

The purpose of this study will be to determine the fauna, dis-
tribution, biology and ecology of aquatic insects in streams, lakes,
ponds, reservoirs, drainage and irrigation ditches in Idaho. Vari-
ous techniques for collecting in different habitats will be em-
ployed such as bottom scrapers, Surber bottom samplers, aquatic
seines, nets and dredges in order to ascertain both qualitatively
and quantitatively the inscct fauna. An evaluation will be made of
water chemistry, substrate, depth of water, turbidity, tempera-
ture, food and inter- and intraspecific relationships in order to
deterrine their effects on the distribution an population dynam-
ics of aquatic insects. Laboratory rearing studies in aquaria and
tanks will supplement field data in delincating the bionomics, life
histories, and role of insects in the aquatic ecosystem.
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SUPPORTED BY U.S. Dept. of Agriculture
Idaho Statc Government

2.0394, NON-STEADY 2 AND 3-DIMENSIONAL FLCW OF
FLUID INTO POROUS MATERIAL

G.L. COREY, Univ. of Idaho, Agricultural Expcriment Sta. ,
Moscow, Idaho 83843

Objectives; (1) To investigate possible approximate solutions
for the differential cquation describing non-steady 2 and 3-dimen-
sional flow of a fluid into a porous material. (2) To determinc ex-
perimentally the relationships between discharge, advance of the
wetted front, and time when a fluid cnters a porous material at a
capillary pressure sufficiently high to climinate complete satura-
tion ncar the source. (3) To dctermine the cffcct of initial
moisturc content on the above relationships.

The diffusion approach toward flow into porous mcdia has
been thoroughly investigated for one-dimensional flow, however
information is very limitcd concerning the more important 2 and
3-dimensional flow cases. Relationships between discharge, rate
of advance and timc will be experimentally determined. The fluid
will be forced to enter the material at a tension so that the diffu-
sion equation will be truly tested. The effect of initial moisture
content on imbibition will be determined. An attempt will be
made to solve with analog techniques the differential cquation
describing this flow so that the analytical solution can be com-
parced with the experimental data,

SUPPORTED BY U.S. Dept. of Agriculture
Idaho State Government

2.0395, INTERACTION OF TEMPERATURE WITH
OTHER FACTORS ON THE RESPONSE OF CANADA THIS-
TLE TO HERBICIDES

L.C. ERICKSON, Uniy. of Idaho, Agricultural Expcriment Sta. ,
Moscow, ldaho 83843

Objectives: (1) To determine the infiuence of two nitrogen,
phosphorus, moisturc and temperature regimes on the growth and
reproduction of Canada thistle Cirsium aruense L. (2) To deter-
mine the influences of these factors on thic efficiency of moisture
utilization of thistle growth (weight). (3) To determine the in-
fluences of these factors on the response of this specics to herbi-
cides.

This study will be conducted primarily in the greenhousc
using individual plant containers. The growth media will be a N
and P deficient sandy loam soil. Nitrogen and P205 will be added
at O and 100 Ibs equivilent/A. Moisture will be maintained at 1/3,
and 1 atmosphere. A temperature difference of 100 F. will be
maintained for 14 days before and following the herbicide appli-
cation.

Prior to the herbicide applications two harvests will be made
to determine the influcnces of fertility, and moisture on sub-
sequent growth. Final phytotoxic cffects will be determined by
survival, date and vigor of re-growth, and finally plant weight,

SUPPORTED BY U.S. Dept. of Agriculturc
Idaho State Government

2.0396, EVALUATION OF CLIMATIC PATTERNS AF-
FECTING IDAHO AGRICULTURE
D.O. EVERSON, Univ. of Idaho, Agricultural Experiment Sta. ,
Moscow, ldaho 83843

Objcectives: (1) To complete the recording on punch cards of
weather data from sclected locations within Idaho. (2) To analyze
precipitation data to determinc the probabilities of receiving
specificd amounts of precipitation for weekly periods and three-
week moving averages of these periods for cach of the sclected lo-
cations. (3) To dctermine whether there cxist any detectable
changes in precipitation and temperature normals over ycars
when such data arc available. (4) To analyze evaporation data
during the growing scason to cstablish its variation and range.

The limiting climatic factors influencing production in the
agricultural regions of Idaho shouid be more clearly defined by
statistical cvaluation of wcather records. Data spanning a thirty

year period for about 15 weather stations are sufficient for this
description. Precipitation data arc not normally distributed, how-
cver usc of the gamma distribution permits calculatior of the
probabilitics of rccciving given anounts of rainfall. Means and
standard deviations of weekly temperatures, growing degree days
and cvaporation will adequately describe thesc climatic factors
for use in making intelligent agricultural decisions.

SUPPORTED BY U.S. Dept. of Agriculture
Idaho Statc Government

2.0397, NORTHERN IDAHC ALFALFA PROBLEM
R.W. HARDER, Univ. of Idaho, Agricultural Expecriment Sta. ,
Moscow, ldaho 83843

Objectives: A. Determine if root growth is being limited by
soil conditions to the degree that they do not function properly in
assimilating available nutrients and moisturc from the soil. B.
Dctermine if the soil conditions influence nutrient availability by
effecting the chemistry of the soils. C. Dcterminc the soil
moisturc movement pattern to find out if soil conditions arc im-
peding water movement in such a way that the roots are unable to
get an adequate supply of water or oxygen. D. Determine if physi-
cal conditions of the soil are cffecting microbial activity. This
study will be made on undisturbed soil cores, disturbed samples
and on ficld plots on soils under virgin forest, and in arcas where
both normal and ‘sick alfalfa is growing. Dctailed morphological,
moisturc movement pattern, nutrient uptake, and root growth
studies will be made on both normal and ‘sick* alfalfa sites in situ.
Physical analysis of soil structurc will bc made in the laboratory.
Various physical and chemical treatments will be made on core
and disturbed soils and alfalfa growth habits will be studicd.
Chemical characterization of ‘sick’ and normal soils and alfalfa
plants from thesc soils will be made. Microbial responsc to
modification of physical and chemical properties of the soil in the
ficld and greenhouse will be studied.

SUPPORTED BY Idaho State Government

2.0398,
IN IDAHO
F.W. RABE, Univ. of ldaho, Water Resources Rescarch Inst.
Moscow, Idaho 83843

Four alpine lakes in the Five Lakes Butte Arca in northcast-
crn Idaho will be studicd together with a reservoir located outside
of McCall, idaho which is scheduled for filling during the fall of
1966. Objectives arc to determine the physical and chemical
characteristics of the waters during the summer and limited sam-
ples during the winter, to measure primary production of the
phytoplankton in the reservoir waters, to mcasurc sccondary
production in bothk high lakes and rescrvoirs as pertains to
zooplankton and macro-invertebrates, and to relate fish produc-
tion with the biotic paramecters mecasured in the high lakes. Lim-
nological mcasurements of the newly impounded rescrvoir water
over the years will help make it possible to compare production
over a period of time. These observations will be related to the
growth and condition of the fish populations,.

At lcast three graduate students will help conduct these stu-
dics. Such limnological mcasurcments will cnable us to lcarn
more about lentic water production and carrying capacity of the
waters and thus help establish a reliable fish stocking program.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of lIdaho

LIMNOLOGICAL STUDIES OF LENTIC WATERS

2.0399, HYDROLOGY OF FROZEN GROUND FLOODS
A.C. ROBERTSON, Univ. of Idaho, Water Resources Research
Inst. , Moscow, Idaho 83843

The objectives of this project are to relate infiltration rates of
frozen ground to parameters of moisturc content of soil, tempera-
ture of surface water, and time, to apply thesc relationships to
hydrograph studics of surface runoff under frozen ground condi-
tions. Infiltration ratcs into frozen soil columns under various
temperature and moisturc conditions will be mecasured in the
laboratory. Relationships developed from the data will be tested
in hydrograph studies from a small watershed and in examination
of past major frozen ground floods in the region.
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SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Idaho

2.0400, TEMPORAL, HORIZONTAL AND VERTICAL
VARIABILITY OF WATER CHEMISTRY IN THE UNSATU-
RATED ZONE OF FINE-GRAINED SO:™S
R.E. WILLIAMS, Univ. of Idaho, Water Resources Research Inst.
, Moscow, Idaho 83843

The first phase of the project consists of the development of a
method whereby many samples of soil water can be obtained from
a given point in the zone of aeration. A sampling point will not be
destroyed during the sampling process, thus temporal variation of
water quality at any given point in the soil can be determined by
analysis of samples collected over an extended period of time. In
the second phase, the horizontal and vertical variability of water
quality at several different times will be determined by analysis of
samples collected from a network of points in the unsaturated
zone in fine grained soils. Determination of temporal, horizontal
and vertical variability of water quality should provide insight into
rate and direction of movement of water in the unsaturated zone
as well as information on the quality of the water recharging
ground-water aquifers.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Idaho

2.0401, SOIL-PLANT-ATMOSPHERE COMPONENTS IN
IRRIGATION STUDIES OF BLACK WALNUT TREES IN
SOUTHERN ILLINOIS
W.C. ASHBY, Southern iilinois University, Graduate School, Car-
bondale, Hlinois 62903

The overall objective is to identify soil, plant, and atmospher-
ic factors influencing irrigation requirements and resulting growth
of black walnuton a smaﬁ watershed in southern Illinois.

Individual investigators’ research objectives include: 1. Study
of the relations between leaf water potential, stomatal conditions,
leaf temperature, and soil moisture conditions. 2. Determination
of a suitable empirical basis for enabling future walnut irrigators
to estimate carefully the need for irrigation. 3. Ascertainment of
the influence of varying soil moisture tensions on measured trans-
piration rates of black walnut.

SUPPORTED BY Southern Illinois University

2.0402, SORPTION ISOTHERMS OF PHENOL ON ION
EXCHANGE RESINS
J.W. CHEN, Southern Illinois University, School of Engineering,
Carbondale, Illinois 62903

Phenol is a troublesome pollutant from industrial wastes, it
cannot be removed by biological treatment easily. Ion Exchange
Resins are proposed as potential adsorbents to remove phenol
because their selectivity and capacity.

Five different resins were screened. It was found that both IR
45 and IR 401 resins are excellent adsorbents for phenol. Sorp-
tion isotherms of these two resins at different pH and tempera-
tures are investigated.

SUPPORTED BY Southern Illinois University

2.0403, THE EFFECTS OF PLANT TRANSPIRATION RE-
TARDANTS ON TRANSPIRATION, LEAF TEMPERATURE,
STOMATAL BEHAVIOR AND OSMOTIC PRESSURE

N.A. MILLER, Southern lllinois University, Graduate School,
Carbondale, lllinois 62903

The objective of this research is the study of the effects of
plant transpiration retardants on leaf temperature, stomatal
behavior, osmotic pressure, water potential, turgor pressure and
transpiration on field corn (Zea mays) grown under field condi-
tions and greenhouse conditions.

In the field, measurements and collections will be made every
four hours starting at 6 AM until 10 AM the following day. Leaf
temperatures will be recorded using a copper-constantan ther-
mocouple with a DC rustrak amplifier-recorder system. Stomatal
behavior will be noted with General Electric RTV-11 silicone im-
rressions and a microprojector. The osmotic pressure of the
eaves will be determined with a Fiske Osmometer and water
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potential (DPD) with the Schardakou method. The turgor pres-
sure will then be determined from this data (OP-DPDOTP).
Similar collections will be carried out in the greenhouse including
the gravimetric determination of transpiration rates.

Control and treated plants will be studied simultaneously.
Retardants to be used include phenylmercuric acetate (different
concentrations), chlorogenic acid, n-decenylsuccinic acid, and
hexadecyl and octadecyl alcohols.

SUPPORTED BY Amer. Assn. For The Advancement of Sci.

2.0404, EFFECT OF SOIL MOISTURE AND POTASSIUM
FERTILIZATION ON THE TRANSPIRATION RATE OF
SOYBEANS (GLYCINE MAX)
J.P. VAVRA, Southern lllinois University, School of Agriculture,
Carbondale, lllinois 62903

The objective of this project is to study the effecis cf varying
concentrations of potassium and different soil moisture levels on
soybean growth and transpiration. The experiment will be con-
ducted in the greenhouse and in the field.

SUPPORTED BY Southern Illinois University

2.0405, DAILY HEAT BUDGETS IN ENVIRONMENTAL
FLUIDS
J. VERDUIN, Southern Illinois University, Graduate School, Car-
bondale, Illinois 62903

The diurnal heat gain and nocturnal heat loss in aquatic en-
vironments and in the atmosphere is under investigation. Heat
budgets are expressed in terms of calories per cm2 per day and
the distribution at different levels in water and air is being deter-
mined. The aquatic investigations are confined to habitats in Il-
linois and Ohio, but atmospheric data extend from tropical to
polar stations.

SUPPORTED BY Southern Illinois University

2.0406, SCAVENGING STUDY OF SNOW AND ICE
CRYSTALS
A. LIEBERMAN, 11T Research Institute, Chicago, Illinois

A research program is described to study the important fac-
tors for defining scavenging effectiveness of snow and ice crystals.
Two factors of concern are the aerodynamic and the electrostatic
forces between the falling crystal and the particles or droplets in
its path. The differences between the forces associated with the
crystal and those associated with an equivalent droplet are to be
considered.

The forces should be investigated first independently, and
then in combination. Both analytical and experimental studies are
planned, with the ultimate objective of better defining the
parameters controlling scavenging by snow and ice crystals. Dur-
ing the first year efforts will be directed primarily toward study of
aerodynamic effects.

SUPPORTED BY U.S. Atomic Energy Commission

2.0407, DYNAMICS OF THE CIRCULATION IN THE
GREAT LAKES
G.E. BIRCHFIELD, Northwestern University, School of En-
gineering, Evanston, lllinois 60201

The overall objective of this work is to make a study of the
dy» amics of the circulation in the Great Lakes. The circulation of
the .akes may be caused by several factors. Certainly one of the
priviary forcing functions is the wind and temperature fields of
the atmosphere overlying the lakes. The proposed research is sub-
divided into two major tasks.
. The first task is to consider a numerical model of the com-
bined Lake Huron, Lake Michigan basins as a single basin con-
nected by the Straits of Mackinac. Horizontal transport will be
calculated for a field of constant stress, a field of constant curl
stress and a field of constant divergence stress. It is anticipated
that bounds can be established on the exchange of mass between
the lakes as a function of wind stress.

The second task concerns the distribution of wave energy in
a lake. It is proposed to investigate the normal energy modes for a
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two-layer circular lake witt 2 parabolic depth profile. Some infor-
mation will be obtained as to the distribution of encrgy among the
normal modes in response to a simple stress ficld. Such a study
will assist in determining the relative importance of the modes as
a function of the forcing period. It is planned to estimate the nor-
mal inodes numerically for a Lake Michigan model.

SUPPORTED BY U.S. National Science Foundation

2.0408,
LINOIS
W.C. STARRETT, State Dcpt. of Conserv. , Springfield, lllinois

Objective: The Illinois River, originating below Chicago and
flowing southwestward to enter the Mississippt River at Grafton,
has a long history of pollution, much of which has been docu-
mented (since 1900) by Survey aquatic biologists. At present
there is a move on by the State and Federal Governments to clean
up the pollution. Our investigation will measure the progress that
is being made and suggest the sources of the more severe types of
pollution based on the reactions of the fishes and aquatic inver-
tcorates.

Procedures: Biological collections are made at specific sta-
tions with trap nets, a boat shocker, and using minnow seines for
small fishes. These collections are parallcled by limited chemical
sampling and dissolved oxygen profiles. Dredges are used to col-
lect deep water specimens and molluscs. Collections of inver-
tebrates and small fishes are preserved and returned to the labora-
tory for identification. These procedures will be followed cach
summer and fall for threc additional years.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Illinois Statc Government

A STUDY OF A POLLUTED RiVER, THE IL-

2.0409, INVESTIGATION OF PERMEAERILITY OF FINE
GRAINED GLACIAL SEDIMENTS IN RELATION TO
WASTE DISPOSAL IN ILLINOIS

R.E. BERGSTROM, State Geol. Survey, Urbana, lllinois

The objective of the rescarch is to evalute current methods
and to develop practical procedures for determining the ficld
permeability of finc grained glacial sediments. These sediments --
mainly tills -- arc too tight to be analyzed for permecability on the
basis of conventional pumping tests. Field mecasurements will be
madc using scveral methods of injection -- and possibly pumping -
- in shallow bore holes. Laboratory tests will be made on cores by
standard permcameter methods.

The permeability data will be obtained from representative
glacial deposits of known character and extent, so that results
may be extrapolated, and will be evaluated for such practical ap-
plications as sclecting sites for surface waste disposal, protecting
shallow aquifers from pollution, and appraising drainage and
ground-water recharge conditions.

SUPPORTED BY Illinois State Government

University of Illinois

2.0410, THEORETICAL ANALYSIS OF REGIONAL
GROUND-WATER FLOW IN THE HAVANA AREA
P.C. HEIGOLD, State Geol. Survey, Urbana, Hlinois

A study of the flow system of the Havana Arca, a broad sand
plain adjacent to the Illinois River, ahs been undertaken, using
numecrical methods adapted for computer solution. A mathemati-
cal model representing three dimensional, non-homogeneous,
isotrapic, steady state flow has been developed. Input data, such
as water tables, bedrock elevations, and hydraulic conductivity
values, have been taken from a hydrogeologic report of the arca
and additional data sources of the Illinois State Geological Survey
and the Illinois Statc Water Survey. Output includes the regional
potential distribution in the glacial deposits between the water
table surface and the Pennsylvanian and Mississippian bedrock
which is assumed to be impermeable. The mathematical model is

gencral ecnough to be applicd in other arcas where the basic con-
ditions are met.
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SUPPORTED BY lilinois State Government

2.0411, RELATION COF FLOODPLAIN POOLS TO THE
BIOLOGICAL PRCDUCTION OF THE KASKASKIA RIVER
AND ITS MAINSTEM RESERVOIRS
R.W. LARIMORE, Statc Natural History Survey, Urbanra, U'linois
Floodplain pools produce fish and fish foods that are flushed
into the river or reservoir during periods of high water. The lim-
nology and biological communitics of these pools will be studied
and related to the fishery and recreationzl values of the river and
mainstem impoundment. Possibilities will be investigation of
manipulating the biological communities and their habitats to
produce kinds and quantities of fisit and fish foods of value in the
river or rescrvoir.

SUPPORTED BY U.S. Dept. of Interiur - O. Water Res. Rch
Illinois State Gevernment

2.0412, TOPOGRAPHIC EFFECTS ON PKECIPITATION
S.A. CHANGNON, State Water Survey, Urbana, lllinois

An cxtensive study of the incrcased precipitation in the
Shawnce Hills arca of southern Illinois is underway. Data from the
raingage installations will be used to identify the specific arcas of
the hills where the topographic effects maximize. This will allow
further instrumental studies of the changes produced in the low-
level atmosphcre by the relatively small hilis.

Data collection for the first five-year phase of project began
January 1, 1965; analyses will be continuous throughout the pro-
gram.

SUPPORTED BY Illinois State Government

2.0413, INTERRELATIONSHIP OF FACTORS AFFECT-
ING QUALITY OF IMPOUNDED WATERS
R.L. EVANS, State Water Survey, Urbana, lllinois

A study of water quality in lakes is being made in an cffort to
obtain knowledge concerning the interrclationship of physical,
chemical, and biological processes occurring in an impounded
water. Initial study on Lake Bloomington include comparison of
quality characteristics in tributarics with those of water
withdrawn froin the lake to measure changes occurring in the im-
poundment. Chemical analyses are performed on waters of the
lake, its tributaries, muds and squceze water and interface liquor.
Phytoplankton and bottom fauna arc collected and identified,
temperatures and dissolved oxygen measured, and sccchi disc
rcadings arc recorded,

SUPPORTED BY Illinois State Government

2.0414, HYDROMETEORCLOGICAL ANALYSIS OF
SEVERE RAINSTORMS
F.A. HUFF, State Water Survey, Urbanu, lllinois

A continuing program of ficld surveys and detailed analyses
of severc rainstorms in Illinois has been conducted since 1950;
analyses arc bascd on radar, synoptic weather, and field survey
data, and include area-depth-duration rclations, antccedent rain-
fall evaluation, isohyctal maps for pcak periods of storm.

SUPPORTED BY Illinois State Government

2.0415, RADIOACTIVITY IN RAINFALL
F.A. HUFF, State Water Survey, Urbana, Illinois
Investigation is being made of the space aad time distribution
of radioactivity in rainfall and its relationship to various
meteorological factors such as the amount, duration, and intensi-
ty of rainfall, cloud depth and type, and synoptic weather fea-
tures. Sampling area includes broad portion of central Iilinois.
(Supported in part by research grant by Atomic Energy
Commission under Contract AEC 1199),

SUPPORTED BY Illinois State Government

U.S. Atomic Energy Commission

2.0416, RAINFALL EVALUATION STUDIES
F.A. HUFF, State Water Survey, Urbana, lllinois




With support from an NSF grant. an cxtensive study of the
time and spacc characteristics of storm, monthly, scasonal, and
annual precipitation has beein undertaken. The primary purposc is
to provide knowledge nceded in evaluating weather modification
potential and in developing design and verification criteria for
precipitation modification cxperiments. Major data source is the
Water Survey raingage nctworks, Efforts are being made to com-
bine statistical analyses with meteorological knowledge to define
better the physical properties and distribution characteristics of
natural precipitation and how storm rainfall distributions arc af-
fected by such factoss as precipitation type, synoptic storm type,
rainfall intensity, and storm duration.

SUPPORTED BY Illinois State Government
U.S. National Science Foundation

2.0417, GEORYDROLOGIC SYSTEM ANALYSIS WITH
AN ELECTRIC ANALOG COMPUTER
T.A. PRICKETT, Statc Water Survey, Urbana, Hlinois

Electric analog techniques have now been devised and tested
for simulating ncarly all active and passive boundory conditions
which are common to all groundwater systems. Within the last
year, emphasis was placed on final design of the necessary circuits
nceded to simulate the nonlinear properties of cvapotranspira-
tion, induced infiltration from rivers, aquifer storaze, ground-
water runoff, recharge from precipitation, and unde:flow.

Also, a report is currently being written which describes vari-
ous finite-difference networks for both clectric analog and digital
simulation of aquifer systems, Methods are outlined for designing
several types of cquivalent discretized aqnifer systems which
result in a Mminimum number of simultancous cquations that nced
to be solved for a given problem solution. Special network designs
arc given that allow a great reduction in the size of an analog
model and in programming or data input in the case of digital
simulation. Error analysis hag been included to guide the in-
vestigator in design of such nctworks.

SUPPORTED BY Illinois State Governmcent

2.0418, GROUND-WATER STUDIES - PILOT DRAINAGE
BASIN STUDY
R.J. SCHICHT, Statc Water Survey, Urbana, lllinois

All factors of the hydrologic cycle (especially precipitation,
temperature, streamflow, soil moisture, changes in surface and
sub surface storage, and evaporation) arc being measured and cx-
amined to obtain quantitative knowledge of movement and
storage of ground water under natural conditions in 22-square
mile basin (East Branch, DuPage River, in Chicago Region).

The annual rate of recharge to, and cvapotranspiration from,
the ground-water reservoir is to be determined. Stream discharge
hydrograph is being scparated into its two components, surface
runoff and ground- water runoff. Gravity yiclds of glacial deposits
and underlying dolomite aquifer to be estimated.

First phase completed October 1966; to be renewed in future
to study cffect of land-use changes (rural to suburban}); skeleton
observation nctwork being maintained in interim.

SUPPORTED BY Illinois State Government

20419, GROUND-WATER STUDIES - DEEP SANDSTONE
AQUIFER IN CHICAGO REGION
R.J. SCHICHT, State Water Survey, Urbana, lllinois
Investigations cover cxtensive artesian well field with wells
1200 to 2200 feet deep, locally hcavily pumped (pumpage in
1961 was 96.5 million gallons per day, and has exceeded practical
sustained yield of aquifer since 1958); includes study of ground-
water level recession, interferences, transmissibilities, cffect of
additional demands; water-level and pumpage data arc 2nalyzed
annually.

SUPPORTED BY lllinois State Government

2.0420, STREAMFLOW HYDROGRAPH SEPARATION
R.J. SCHICHT, State Water Survey, Urbana, Illinois

In this study, separation of the streamflow hydrograph into its
components of surface runoff and groundwater runoff is based on
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differences in the total dissolved minerals in groundwater and in
surface water as mezsured by the conductivity method. An earlier
study was conducted on the Pilot Drainage Basin (East Branch
DuPage River, in Chicago Region); however, sewage effluent in
this river during parts of the year affected the results. A second
study has been started on the 95-square-mile Panther Creek
watershed (central Illinois). Here, separation of the streamflow
hydrograph by the conductivity method will be compared with
the rating curve mcthod of relating mean groundwater stage to
groundwater runoff, since a rating curve for Panther Creek was
previously establsihed.

SUPPORTED BY Illinois Statc Government

2.0421, STREAMFLOW VARIABILITY
K.P. SINGH, State Water Survey, Urbana, Illinois

Basic research into the inhercnt variability of strcamflow is
being pursued. This study is currently oriented toward improving
knowledge of the actual yield of an impounding reservoir during
critical drought conditions.

Understanding the variability of strcamflow provides funda-
mental knowledge which will be uscful in processing Illinois
strcamflow to provide answers to many questions in arcas of:
water supply direct from strcams, drainage, duration of low flows
%nd dhigh flows, zoning of flood plain land, and to somc cxtent

oods.

SUPPORTED BY lllinois Statc Government

2.0422, SEDIMENTATION iN LAKES AND RESERVOIRS
J.B. STALL, Statc W ater Survey, Urbana, lllinois

To aid designers of water-supply reservoirs, sediment accu-
mulations arc mecasurcd and sediment samples taken for laborato-
ry analysis in a continuing program. Coopcrating agencies survey
watershed soil types, slopes, land uses, and conservation prac-
tices. Data arc analyzed for corrclation with watershed factors,
ratc of scdiment deposition, and expected life of reservoir.

{Cooperative with Agricultural Rescarch Service, Soil Con-
servation Service, and Illinois Agricultural Experiment Station)

SUPPORTED BY Illinois Statc Government

2.0423, (U) RADAR MEAS REMENT OF RAINFALL
G. STOUT, State Water Survey, Urbana, lllinois (DA-28-043-
AMC-00032E)

OF RADAR MEASUREMENT OF RAINFALL RATE
THROUGH IMPROVED KNOWLEDGE OF

AND FROM THE RADARS AND RAIN GAGES IN-
STALLED AT THE UNIVERSITY OF ILLINOIS ARE BEING
ANALYZED TO DETERMINE THE BEST RELATIONSHIP
BETWEEN THE RADAR-REFLECTZED SIGNAL AND THE
RATE AND AMOUNT OF PRECIPITATION. RAINDROP-
SIZE DATA, TAKEN AT MANY LOCATIONS IN THE
WORLD, HAVE BEEN ANALYZED AND ARE TO BE USED
IN DEVELOPINGZ/R RELATIONSHIPS (Z IS THE RADAR-
REFLECTED SIGNAL AND RIS THE RAINFALL) APPLICA-
BLE TO THE ARMY SYNOGPTIC SITUATIONS AND CLI-
MATIC REGIMES IN THE WORLD.

CONTINUED HIS RESEARCH ON QUANTITATIVE
DETERMIMATION OF PRECIPITATION USING WEATHER
RADAR. EVALUATION AND PUBLICATION OF ALL RAIN-
FALL DISTRIBUTIONS OBTAINED WITH THE RAINDROP
CAMERA AT VARIOUS GEOGRAPHICAL LOCATIONS
WERE COMPLETED. THE DROP SIZE DISTRIBUTIONS ARE
BEING USED TO COMPUTE COMMUNICATION ATTENUA-
TION FOR SYNCOM FREQUENCIES. PROGRAMMING HAS
BEEN COMPLETED TO PERMIT COMPUTATION OF
REFLECTIVITY, RAINFALL RATE, LIQUID WATER CON-
TENT, AND ATTENUATION FOR SELECTED FREQUEN-
CIES BETWEEN 3 AND 70 GHZ. REF A/ ECOM-02071-1, IN-
VESTIGATION OF THE QUANTITATIVE DETERMINATION
OF PRECIPITATION BY RADAR , JUN 67; B/ ECOM-02071-2,
‘INVESTIGATION OF THE QUANTITATIVE DETERMINA-
TION OF PRECIPITATION BY RADAR, DEC 67 C/ ECOM-
02071-RRI, RAINDROP DISTRIBUTIONS AT MAJURO
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ATOLL, MARSHALL ISLANDS , MAR 67 D/ ECOM-02071-
RR2, RAINDROP DISTRIBUTIONS AT ISLAND BEACH, N, I.
SEPT. 1967 E/ ECOM 02071-RR2, RAINDROP DISTRIBU-
TIONS AT FRANKLIN, N. CAROLINA SEPT 67 F/ ECOM-
02071-4, RAINDROP DISTRIBUTIONS AT WOODY ISL.LAND,
ALASKA, NOV 67 G/ ECOM-02071-RR5, RAINDROP DIS-
TRIBUTIONS AT BOGOR, INDONESIA, JAN 68 H/ ECOM.-
02071-RR6, RAINDROP DISTRIBUTIONS AT CORVALLIS,
OREGON, FEB 68 1/ STOUT, G., SURVEY OF RELATION-
SHIPS BETWEEN RAINFALL RATE AND RADAR REFLEC-
TIVITY IN THE MEASUREMENT OF PRECIPITATION,
PAPER PRESENTED AT THE MEETING OF 28 SEPT 67, OF
THE INTERNATIONAL ASSOCIATION OF METEOROLOGY
AND ATMOSPHERIC PHYSICS OF THE GENERAL AS-
SEMBLY OF THE INTERNATIONAL UNION OF GEQODESY
AND GEOPHYSICS J/ STOUT, G., SEVERE STORMS OVER

THE CENTRAL PLAIN STATES, PRESENTATION BEFORE
THE N. J. CHAPTER OF THE AMM, NO' EMBER 1967.

SUPPORTED BY U.S. Dept. of Defense - Army

20424, DFNSE RAINGAGE NETWORK PROJECTS
G.E. STOUT, State Water Survey, Urbana, lllinois

A long-term project in which two densc raingage networks
encompassing 1200 and 1600 mi2 arc presently operated to pro-
vide basic data for various climatological, hydrometcorological,
and severe storm studies. Data also provide uscful information for
cvaluating the potential of weather modification and designing
precipitation modification experiments. One network is located in
the Shawnec Hills region of the southern part of the state and the

other in the central lllinois flatlands to sample different climatic
and topographic conditions.

SUPPORTED BY Illinois State Government

2.0425, MATHEMATICAL GEOMORPHOLOGY
A.E. SCHEIDEGER, U.S. Dept. of Interior, Water Resources
Division, Urbana, lllinois

The origin of land forms and the development of landscapes
have been intriguing problems in gcomorphology. Contributory
agents, among others, arc crosion, weathering, and accumulation.
Most previous work has been concerned with the effects of
weathering. This study is to analyze the processes of erosion and
accumulation in landscape development, and to develop mathe-
matical models of crosion and accumulation processes in

geomorphology. Mecthods of analysis whereby crosion data may
be applied to test the model will be studied.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0426, EFFECT OF WATER AVAILABILITY ON
PHOTOSYNTHESIS OF PLANTS
J.S. BOYER, Univ. of lilinois, Graduate School, Urbana, {llinois
The proposed rescarch deals with the cffect of water availa-
bility on photosynthesis and its implications for increasing the ef-
ficicncy of water use by crops. The investigations will center on
mcans of measuring crop moisture status and the reasons for
changes in photosynthesis at various plant moisturc stresses.
Three studies will be carried out: 1. A simple ficld method will be
developed to measure the moisture status of corn and soybean
crops. 2. The method will be used in conjunction with measure-
ments of photosynthesis of corn and soybeans to determine the
moisture status at which these crops require water. Mcasurements
of moisture status and photosynthesis will also be made in plants
recovering from water dcficiencies to determine whether the
method can be used to indicate when sufficient water has been
applied during irrigation of corn and soybeans. 3. Experiments
will be undertaken to clucidate mechanisms by which lack of
moisture may reduce photosynthesis. Chloroplasts will be isolated
from leaves which are subjected to water deficiencies and will be
studied for evidence of structural damage as well as changes in
enzymatic activity brought about by the deficiency conditions.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Illinois

2.0427, SYSTEM ANALYS5IS OF RAINFALL-RUNOFF
RELATIONSHIP
V.T. CHOW, Univ. of lllinois, School of Engineering, Urbana, II-
linois

The watershed is treated as a lumped hydrologic system. As-
suming a general nonlincar cquation for the basin storage and
combining it with the cquation of continuity, a differential equa-
tion for the system has been formulated. This cquation has been
quasi-linearized by assuming that the cocfficients arc functions of
the average inflow and outflow of the system. Without resorting

to the guasi-linear procedure, the nonlinear cquations arc now
being solved on digital computers.

SUPPORTED BY University of Illinois

2.0428, STOCHASTIC ANALYSIS OF RAINFALL-RU-
NOFF RELATIONSHIP
V.T. CHOW, Univ. of lllinois, School of Engineering, Urbana, il-
linois

Stochastic behavior of rainfall-runoff relationship has been
investigated by employing sequential generation and simulation
techniques to the analysis of the data from 28 annual storins in the
French Broad River Basin at Bent Creek, North Carolina. The
stochastic process was formulated by Markov-chains and Monte
Carlo methods, assuming deterministic watershed system. The
watershed system itsclf, in addition to the stochastic input rainfall
and stochastic output runoff, is now being considered as
stochastic in the analysis.

SUPPORTED BY University of Illinois

2.0429, HYDROLOGIC ANALYSIS BY ANALOG COMPU.
TERS
V.T. GHOW, Univ. of lllinois, School of Engineering, Urbana, II-
linois

Direct and indircct analog computers are used for the analy-
sis of hydrologic systems of surface and ground waters. For linear
and nonlinear reservoirs, floods have been routed through them
by simulation of EAI PACE computers. The results indicated that
the initial storage in the rescrvoir affects only the very beginning
portion of the outflow hydrograph. For investigating ground
water potentials, resistance networks have been designed and
analyzed for a number of ground water regions in Illinois.

SUPPORTED BY University of Illinois

2.0430, GROWTH AND DEVELOPMENT OF NATIVE
HARDWOODS AND PINE

A.R. GILMORE, Univ. of Illinois, Agricultural Experiment Sta. ,
Urbana, lllinois

(1) To work out site index curves for both hardwood and
pine on the basis of site factors; (2) to establish timber productivi-
ty classes for the important soil types or series; (3) to study the
growth or various species in relation to factors that effect the
availability of soil moisture; (4) to investigate the relation
between site and mineral content of the foliage of both pine and
hardwood species.

Description of Work: Microdendrometer studies will be used
to determine the influence of various site factors, soil moisture in
particular, on the seasonal growth of pine plantations and native
hardwood stands. They will be used also to study the effects of the
release of trees from competition on diameter growth.

An intensive study of site-growth relationships in native hard-
wood stands will be made on soil types important te timber-grow-
ing in southern Illinois. The foliar analysis for N., P., X., Ca., and
other elements will be made on leaf samples taken from hard-
wood trees growing on different site qualities. Nitrogen deter-
mination will be by micro- kjeldahl methods. Other elements will
be determined with a flame photometer.
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SUPPORTED BY U.S. Dept. of Agriculturc
Iilinois State Government

2.0431, EFFECTS OF SOIL MOISTURE STRESS
A.R. GILMORE, Univ. of Illinois, Agricultural Experiment Sta. ,
Urbana, lllinois

Objectives: To investigate the ctfects of controlled soil
moisture stress on (1) foliar nutrients, number of growth flushes,
diameter growth, and height growth of loblolly pine trees. (2) The
specific gravity; tracheid length; and percentage of summerwood,
springwood, cellulose, extractives, and lignin of the wood of
loblolly pine trees.

Procedurc: Plots in an 18-ycar-old plantation of loblolly pine
wil be subjected to six soil moisture stresses and replicated three
times in a randomized blcck design. Soil moisture will be moni-
tored with a d/M nuclear gauge. Micro-cnvironment stations will
be maintained. Radial growth will be recorded by dendrograph.

At the end of the cxperiment, wood will be analyzed for cel-
lulose, lighin, nutrients (nitrogen, potassium, ctc.) and any other
chemical component by accepted A.O.A.C. procedures,

SUPPORTED BY U.S. Dept. of Agriculture

2.0432, A WATER TRANSPORT IN THE SYSTEM, SOIL-
PLANT-ATMOSPHERE
A. KLUTE, Univ. of Iliinois, Schooi of Agriculture, Urbana, -
linois

This is to be an cxperimental study of the uptake of water by
plant root systems under controlled conditions. Plants will be
grown in soii columns with provision for temperature and humidi-
ty control of the top of the plant. Evaporation from the soil sur-
face, and from the Jeaves of the plant will be measured scparately.
Data will be collected to supply the necessary parameters in a
theory of water uptake based on the use of unsaturated flow
theory including a sink- term in the flow cquation.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of lilinois

2.0433, iIMVESTIGATION
MOVEMENT IN SOILS

A. KLUTE, Univ. of lllinois, Agricultural Expcriment Sta. , Ur-
bana, Illinois

Objectives: (1) The development of new and improvement of
old concepts of the behavior of water in soils, cspecially unsatu-
rated soil. (2) The development and improvement of methods of
measuring soil properties that are significant in water storage and
movement. (3) Application of the theory of flow to analyze vari-
ous soil water flow systems and obtain predictions of their
behavior.

Work Proposed: Solutions of the flow cquation for water in
unsaturated soil will be obtained for various specific flow systems.
Experimental observations on these flow systems will be com-
pared with thcse solutions. Methods of measuring conductivity
and water capacity will be developed and improved. Attempts to
cxtend the flow theory to deformable soils wil{)bc made.

SUPPORTED BY U.S. Dept. of Agriculture
Illinois State Government

OF WATER STORAGE AND

2.0434, HYDROLOGIC
SMALL WATERSHEDS
A. KLUTE, Uniy. of lllinois, Agricultural Experiment Sta. , Ur-
bana, lllinois

Regional Objective: To investigate the use of mathematical,
electrical, and hydraulic models to study hydrologic phenomena
of watersheds.

Specific Objectives: 1. To analyze the flow behavior of water
in a soil with a sloping surface during three stages of flow: (1)
wetting under rainfall, (2) steady flow under rainfall, (3) drainage
after rainfall has ceased, and to determine the contribution of
subsurface flow to the runoff from the land. 2. To predict the soil
water content, hydraulic head and pressure head of the soil water
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as a function of time and position in the soil. 3. To predict the
flow rate across the soil surface as a function of time and position
on the slope during cach of the three stages of flow.

Work Proposed: Numerical solutions of the flow equation for
water in soil will be obtained for boundary and initial conditions
that will represent wetting of a scil on a slope, the steady flow
through the soil and the drainage of the soil after rainfall ceascs,
The contribution of the soil water flow to runoff will be evaluated,
and the cffect on the flow of various parameters, such as slope
length, slope angle, and soil properties, will be evaluated,

SUPPORTED BY U.S. Dept. of Agriculture
Illinois State Government

2.0435, STUDY OF THE HYDROLOGY FOR MODELS OF
THE GREAT LAKES

D.D. MEREDITH, Univ. of lllinois, School of Engincering, Ur-
bana, Illinois )

Sophisticated quantitative analyses of precipitation, evidpora-
tion, and runoff for cach of the Great Lakes and the Great Lakes
as a system are proposcd in order to provide a better understanc-
ing of these relationships for future management of the Great
Lakes. Monthly cstimates will be derived, based upon a thorough
meteorologic and hydrologic cvaluation of all cxisting data. These
water movement data are necessary for a quantitative systems
analysis of the Great Lakes for futurc managemant.

In order to perform thesc tasks it will be necessary to gather
into one analysis site all of the cxisting runoff and precipitation
data as well as other pertinent meteorologjcal data from United
States and Canadian sources. The accumulated data will be used
to makc monthly and annual cstimates of runoff, precipitation,
and cvaporation for lakes on an individual basis for the period
1945-1965 with some consideration given to the drought period
of the 1930’s. The monthly cstimates will be available for future
use through publication in the appropriate journals.

SUPPORTED BY University of Illinois

2.0436, CLAY-WATER-ICN iNTERACTIONS
R.J. MILLER, Univ, of Illinois, Agriculturyl Experiment Sta. , Ur-
bana, Illinois

Objectives: (1) Evaluate the cffect of clay adsorbed water on
the water flow characteristics of a clay-water system, (2) Deter-
mine the influence of temperature on the physical nature of water
in association with clays. (3) To investigate the cffect of various
treatments and ions on the surface characteristics of clays.

Work Proposed: Experiments will be conducted to clucidate
the effect of clays and exchangeable cations on the structure of
water adsorbed on clay surfaces. A combination of cxperimental
observations and current ideas on water structure may lead to a
better understanding of the mechanisms involved in clay ad-
sorbed water.

SUPPORTED BY U.S. Dept. of Agriculture
Ilinois State Government

2.0437, AN EXPERIMENTAL STUDY OF EDDY DIFFU.
SION COEFFICIENTS, EVAPOTRANSPIRATION AND
WATER USE EFFICIENCY

R.J. MILLINGTON, Univ. of Illinois, School of Agriculture, Ur-
bana, lllinois

Work at Porton has shown the utility of artificial line sources
in measuring eddy diffusion coefficient profiles for mass transfer
in the lower atmosphere. It is proposed to extend this approach to
measurement of profiles of eddy diffusion coefficients within and
above the leaf canopy of crop plant communities.

A line source of organic vapor will be introduced into both
wind tunnel model systems and inte field crops. Concentration
distribution downwind will be estimated on gas samples, pumped
from sample points to a collection site, wherc analysis will be
made using a gas chromatograph flarre ionization detector.

Measurement of wind speed at one height together with con-
centration distribution data, permits finite difference numerical
analysis of the usual two-dimensional flow cquation involving
both convective and eddy diffusive terms, Alternatively, by using
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sources at different heights and measuring at short distances
downwind, separate estimates of the eddy diffusivity can be made
within ‘layers’ of the system, using a graphical solution of the flow
equation.

The eddy diffusion coefficient profiles thus obtained, when
augmented with measures of the profiles of water vapor pressure
and carbon dioxide, allow calculation of cvapotranspiration and
net photosynthesis. These latter data arc collected a5 source and
sink strength terms for cach ‘layer* of the system permitting some
separation of cvaporation from transpiration.

Variation in cvapotranspiration and the ratio of crop dry
matter produced by photosynthesis per unit of water used, that is,
water use cfficiency, will be examined in relation to crop canopy
geometry and meteorological factors.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of lllinois

2.0438,
SHIPS
D.B. PETERS, Univ. of illinois, Agricultural Experiment Sta. , Ur.
bana, lllinois

Objective: To determine the effect of soil moisture content,
soil moisture suction, hydraulic conductivity, and related soil
physical properties on entry of water into plant roots.

Plan of Work: The scparate and combined cifects of soil
moisture suction on moisture uptake by roots arc evaluated under
controlled environmental conditions. Seedlings are grown for
short periods of time in soils with different moisturc contents at a
given suction level, and in soils with differcnt suction [evels at a
constant moisturc content. Changes in root weight and volume
are used us indices of water transfer between soil and root.
Radioactive tracers are used to simultanecusly cvaluate the rcla-
tion between water uptake and ion uptake. Determination of the
mechanisms of water movement through plants and ways that
transpiration may be suppressed are underway. Mechanisms by
which external factors influence transpiration arc also under stu-
dy. Determinations of the moisture retentivity and conductivity of
soils for characterization purposes arc included in this project.

SUPPORTED BY U.S. Dept. of Agriculture

SOIL-MOISTURE-PLANT GROWTH RELATION-

2.0439, CLIMATIC INFLUEMCE ON WATER USE AND
CROP PERFORMANCE IN THE CORN BELT REGION

D.B. PETERS, Univ. of lllinois, Agrizultural Experiment Sta. , Ur-
bana, Hlinois

Object: To determine the plant-soii-meteorological interac-
tions involved in the partition of energy at the carth’s surface and
to develop methods of beneficial alteration in cnergy dissipation
in the Corn Belt region.

Plan of work: The soil-plant-atmospherc relationship and
particularly crop gcometry and the atmosphere will be evaluated.
Possibilities for altering crop geometry to conserve moisture and
create a more desirable soil-atmosphere enviornment for growing
piants appcar almost unlimitied. Rescarch will be directed toward
an understanding of the evaporation process as it relates to the
soil water-atomosphere system so as to increase the cfficiency of
utilization of available precipitation. This will involve a systematic
evaluation of the cffects of clements of climate such as nct hu-
midity, temperature and wind velocity on cvaporation of water
from soils and other surfaces. Studies will be made of the inter-
relations of nect radiation, humidity, temperature and wind
velocity on evaporation of water from soils and other surfaces.
Studies will be made of the interrclations of nct water from the
soil and through plants, and energy transformed into dry matter
by common crops. Fundamentals of moisture transfer and storage
in the soil-atomosphere system will be investigated.

SUPPORTED BY U.S. Dept. of Agriculture

2.0440, SOIL MOISTURE FLOW PROBLEMS AND SOLU-
TIONS IN THE CORN BELT REGION

D.B. PETERS, Univ. of lllinois, Agricultural Experiment Sta. , Ur-
bana, lHlinois

o

Object: To develop (1) fundamental equations governing
moisture transport, (2) means of solution of transport equations,
and (3) method for evaluation of soil physical parameters essen-
tial to the solution of transport equations.

Plan of Work: The physical components of the environment
arc reduced to mathematical forms that can be utilized in trans-
port cquations. The solution of these cquations through ap-
propriate models, electrical resistance networks or electronic
computers is developed and tested. Soil physical evaluative
procedures arc then developed to supply the data essential to the
solution of the transport cquations and the general utility of the
solutions are translated into design featurcs of water management
systems. While the work in this investigation will be basic in na-
turc, cmphasis will be given to solution of flow problems in the
Corn Belt region. (The design of a soil moisturc management

system is controlled by the soil-physical factors that govern the
transport of water into and through soil.

SUPPORTED BY U.S. Dept. of Agriculture

2.0441, NUMERICAL ANALYSIS OF TIME-DEPENDENT
FREE SURFACE FLOWS
w.D. ROSE, Univ. of llinois, School of Engincering, Urbana, Il-
linois

Finite diffcrence algorithms are being developed to model in
three dimensional space the unsteady-states of motion in water
that is in part or in whole bounded by so-called iree surface boun-
daries. Field cquations of both the Navier-Stokes and Fourier dif-
fusivity types arc under consideration, where in the former casc
special attention is also given the action of capillary forces, and
where in both cases attention is given to the hydrodynamic and
body forces of gravity. Applications range from considering the
shape of falling rain drops, wave motion, action of water in
hydraulic structures, open channel flow, soil infiltration
problems, aquifer performance, and individual well problems.

SUPPORTED BY University of lilinois

2.0442, SYSTEMATIC ANALYSIS OF THE MOISTURE-

TEMPERATURE INTERACTIONS ON CORN YIELD
E.C. RUNGE, Univ. of lllinois, School of Agriculture, Urbana, Il-
linois

The proposed rescarch plan involves field, laboratory and
statistical investigations to determinc the interaction between
plant available stored soil moisture (PASSM), at various rainfall
and temperature combinations during the growing scason on corn
yield. The approach is to analyzc historical corn yiclds where
PASSM, rainfall and temperature arc known or can be estimated.
Various mathematical models relating PASSM, rainfall and tem-
perature to corn yield will be studied with particular attention
given to the interactions involved.

Field investigations will include measuring PASSM, rainfall,
temperaturc and corn yicld at several locations wherer the
PASSM varies within a location and rainfall and temperature vary
between locations. This data will be analyzed to determine the in-
tqrzlxgtions between PASSM, rainfall and temperature on corn
yield.

SUPPORTED BY University of lllincis

2.0443, STOCHASTIC
GEOMETRY
A.E. SCHEIDEGGER, Univ. of lllinois, School of Engineering,
Urbana, llinois

Water is one of the important ‘mines and minerals'. Because
of this, the department has become involved in the study of river
flow and drainage basin development. A test of meander forma-
tion showed that tlie latter can be regarded as a random walk
process. An analysis of the structure of drainage basins showed

that the configuration of the latter also can bz regarded as the
outcome of a stochastic process.

TREATMENT OF  RIVER
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SUPPORTED BY U.S. Nationa! Science Foundation

2.0444, HYDRAULIC GEOMETRY OF STREAMS
J.B. STALL, Univ. of Hlinois, State Water Survey Division, Ur-
bana, lllinois

A completed project shows there to be, for the 18 river
basins in lllinois, a consistent pattern in which the width, depth,
and velocity of flow in a strcam change along the course of the
strcam, with a constant frequency of discharge, These channel
characteristics are termed hydraulic gcometry and constitute an
interdependent system which can be described by a series of
graphs having simple form, or oy cquations.

The data from about Z50 strcam gaging stations will be as-
sembled and used to develop the parameters to define the hydrau-
lic gecometry of strcam systems for ten river basins selected to
srepresent various physiographic and hydrologic regions of the
humid part of the United Statcs. These parameters are to be
generalized for various physiographic divisions and used to help
cxplain variability of other observed hydrologic phenomena such
as low flow frequency, and flow duration. These parameters will
also be used to predict the average depth and velocity of flow at
problem locations on thc strcam where no mecasurcments are
available. This will allow computation of the re- oxygenation
capacity of the strcam at a problem location, and the time- of-
travel of contaminants through the strcam system.

The study will extend cnormously the range of hydraulic
%corpetry parameters derived for very flat stream systems in Il-
inois.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Illinois

2.0445, RAINOUT OF RADIOACTIVITY IN ILLINOIS
G.E. STOUT, Univ. of lllinois, State Water Survey Division, Ur-
bana, Hlinois (AT(11-1)1199)

Scveral studies arc being pursued to acquirc better un-
derstanding of the atmospheric processes controlling rainout and
fallout, and, thereby, substantially improve our capability to pre-
dict the intensity of radioactivity under various mectcorological
conditions during pcriods of potential fallout hazard. A study of
the relation between air motions and radioactive rainout in con-
vective storms is being made to scck an explanation of the causes
of various mesoscale rainout characteristics observed in past cx-
periments. Another study is concerned with investigation of sub-
synoptic circulations in the upper and middle troposphere and
their cffect on the rate of diffusion of radioactive material. A
laboratory investigation of sub-micron particle scavenging by rain
is being initiated, since over 50 percent of tropespheric radioac-
tive particulates are of this size.

SUPPORTED BY U.S. Atomic Energy Commission

2.0446, THE EFFECT OF VARYING SOIL MOISTURE
REGIMES ON THE YIELD AND LEAF NITROGEN COM-
POSITION OF CORN

E.H. TYNER, Univ. of lllinois, Agricultural Experiment Sta. , Ur-
bana, lllinois

Objectives: 1. To cstablish the cffect of high piant popula-
tions on the critical N percentage of corn. 2. To determine the
yield and leaf composition models relating population, N rate,
and plant-available water levels when corn is planted on partially
recharged secils and subsequently irrigated during the growing
scason. 3. On the basis of the results of the sccond objective, to
develop N and population recommendations based on alternative
decision models.

A 4 x 3 x | split plot field design ficld trial with 4 population
raics varying from 16 to 18,000 plants per acre with 3N rates
varying from no N to 150 Ibs. and onc water level will be carried
out for objective 1.

A 2 x 2 x 3 x 3 split plot design field trial with 50 percent and
100 percent prescason rooting volume moisture recharge, with 2
growing season moisture levels maintained by irrigation, with 3
population rates and 3 N rates will be carried out under objective

2. WATER CYCLE

Lecaf composition and yiclds will be calculated out as
quadratic functions of the water, population and N rates. These
will be employed under objective 3.

SUPPORTED BY U.S. Dept. of Agriculture
Illinois State Government

2.0447, EFFECT OF RAINDRGP IMPACT AND SURFACE
ROUGHNESS ON SHEET FLOW
H.G. WENZEL, Uniy. of lllinois, School of Engineering, Urbana,
Hlinois

The general objective of this rescarch is to examine in detail
both cxperimentally and theoretically the mechanics of sheet
flow. This knowledge will be useful in improving the design of
urban drainage facilities where this type of flow is common. More
specifically the individual objectives are: (a) to investigate cxperi-
mentally the cffect of raindrop impact on shect flow using care-
fully controlled laboratory rainfall, surface profile, and runoff
mcasurements, (b) to study in detail the pressure fluctuations
caused by raindrop impact using pressure transducers and to cor-
relate this work with the results of the first objective, (¢) to study
the cffect of roughness on sheet flow on a more thorough basis
than has been previously attempted and (d) to review the cxisting
theoretical relationships describing sheet flow in the light of the
cxperimental resuits so that, if nccessary, modificd cquations can
be developed which will reflect the truc physical phenomenon.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Illinois

2.0448,
NELS
B.C. YEN, Univ. of lllinois, School of Engincering, Urbana, 1i-
linois

The proposcd research involves an analytical investigation
dirccted at the determination of the hydraulic resistance for sedi-
ment-bearing flow in channcls. The approach is to rcanalyze the
available cxperimental and field data based on dimensional analy-
sis and mechanics of fluid and sediment movement.

The cffects of the gcometry of the channel, the properties of
the scdiment particles, and the characteristics of the flow arc to
be studied. The results will be prescented in dimensionless general
forms for engineering purposes such as river training, flood con-
trol, and canal design.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Illinois

HYDRAULIC RESISTANCE IN ALLUVIAL CHAN-

2.0449, DROUGHT RESISTANCE IN
TIES
J.J. CHINOY, Gujarat University, Alimedabad, I::dia

Object: To investigate the resistance of barley to wilting at
different growth and devclopmental stages and the role of sugars,
phospholipids and protein in resistance; and to obtain a growth or
developmental index for selecting varieties of barley for arid
zones.

Plan of work: Indian and American varieties of barley will be
treated with (1) normal watering during growth, (2) wilting at the
tiller initiation stage, (3) wilting at the shooting stage, (4) wilting
at the flowering stage, and (5) continuous moisture stress in the
soil. Permanent wilting will be maintained for a fixed number of
days, then normal watering resumed. Resistance of plants to
drought will be estimated and varietal coefficients of plant parts
determined. Coefficients of drought resistance for different plant
parts will be determined, also different characteristics determin-
ing the yield of grain under the differciit treatments. Varieties of
barley will be cxposed to different photoperiodic cycles (24, 11
and 8-hour days). Drought intensity and related coefficients will
be determined. Internal causes of drought resistance will be deter-
mined by water of dehydration and permeability of seediing;
treatment of seeds with growth regulators and trace clements; and
changes in carbohydrates, phospholipids and protein during
growth.

BARLEY VARIE-
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SUPPORTED BY U.S. Dept. of Agriculturc

2.0450, COMPARISON OF EVAPORATION INSTRU-

MENTS
M. GANGOPADHYAYA, Indian Dept. of Mecteorology, New

Delhi, India

The objectives of this research, which is funded under the
Special Foreign Currency Program of the United States Govern-
ment, are a. To construct and install varicus types of evaporime-
ter tanks, including the U. S. Class A Fan, the U.S.S.R. 20 sq.
meter and GGI-3000 tanks, and a 16-foot diameter sunken plastic
tank (U.S. backyard swimming pool). b. To obtain correlation
coefficients between measurements of evaporation as obtained by
the various instruments.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

2.0451, NEW-TYPE GLYCOL MONO ALKYL ETHERS
FOR THE CONTROL OF WATER EVAPORATION, TO EX-
TEND THE USE OF COTTONSEED OIL

A.B. BISWAS, Natl. Chemistry Lab. of India, Poona, India

Object: To determine the best method for introducing the
cthenoxy group into alkyl alcohols, optimum number of such
groups, and the physical properties of the product.

Plan of work: Alcohols will be prepared from saturated fatty
acids of the cottonsced cil. A series of compounds of the type
CH3(CH2)N (CCH2CH2) OH containing one thylene oxide
group, will be prepared by such reactions as that of the bromides
of the saturated fatty alcohols with monosodium glycolate, or by
direct condensation of the fatty alcohols with one unit of cthylene
oxide. The reaction products will be purified. Potential deriva-
tives containing different functional groups also may be synthes-
ized, and studics made of their relevant physico-chemical proper-
ties. The condensation of the alcohols with multiple units of
cthylene oxide to give products of the type
CH3(CH2)N(CCH2CH2)XOH will be studied also, to spreadi-
bility on water surfaces, stability against chemica) degrudation,
wind, wave, and dump action, ambient temperature, and the case
of repair of the damaged surface. The products will be tested for
emulsifying ability and atiention given to possible flavor or toxici-
ty cffects in waters protected by these materials. The surface
phenomena of the products will be studied. These compounds will
be tested for cvaporation properties, particularly for resistance to
‘piling up* due to wind activity and for efficiency and rapidity of
self repair to ruptures of film surfaces.

SUPPORTED BY U.S. Dept. of Agriculture

2.0452, THERMAL AND BIOLOGICAL CHARAC-
TERISTICS OF LAKES
R.G. LIPSCOMB, U.S. Dept. of Interiar, Water Resources Divi-
sion, Fort Wayne, Indiana

‘The project is to evaluate methods oi ¢vaporation computa-
tion, study thermal-stratification processes, investigate biological
influcnces on water quality, and study the process of lake aging.
Where practical, new investigative techniques will be developed.
Time and spacial distribution data from detziled counts of algal
species in Pretty Lake, LaGrangz County, Indiana, are being re-
lated to the distribution of water temperature and of chemicals
known to be i.aportant in growth processes. Wind, temperatre,
and radiation data are being used in the study of water tempera-
tures and evaporation. Analyses of plant and animal remains in
the lake sediments, along with other sediment an -lyses, will pro-
vide data for the study of the aging process in Pretty Lake.

SUIPI;ORTElD BY U.S. Dept. of Interior - Geological Survey

2.0453, CHANNEL MEANDER STUDIES
J.F. DANIEL, U S. Dept. of Interior, Water Resources Division,
Indianapolis, Indiana

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Indiana.

b a

Purpose: To develop predictive criteria for movements of
river channels.

Methods: Several channel meanders in different types of soil
in different areas of the State have been sclected for study. Varia-
bles such as peak discharges, average discharge, grain size of bed
and bank materials, and suspended sediment loads will be corre-
lated with mecasured changes in meanders to establish rclations
which may cxist. If relations can be established, meander move-
ments may be predicted at other locations.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Indiana State Government

2.0454, EVAPORATION LOSSES FROM LAKES IN INDI-

ANA
C.H. TATE, U.S. Dept. of Interior, Water Resources Division, In-
dianapolis, Indiana

Purpose: To determine the evaporation losses from a lake in
central Indiana by the cnergy-budget method and to develop a
coefficient to be used with the mass-transfer method of comput-
ing evaporation elsewkere in the state.

Methods: Initiaily the cnergy-budget method will be used to
determine cvaporation from Morse Reservoir in central Indiana
and a coefficient computed to be used with the mass-transfer
method. Within 2 years enough data will have been collected to
determine this coefficient for Morse Reservoir and the station will
be discontinued as an energy-budget station but will be continued
as a mass-transfer cvaporation station. New sites for cnergy-
budget studies will be selected thro:.2h the state to define a curve
of surface-arca vs. mass- transfer -ocfficient so that the mass-
transfer method of cvaporation computation may be used
anywhere in the state.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Indiana State Government

2.6455, LOW FLOW CHARACTERISTICS OF INDIANA

STREAMS
C.H. TATE, U.S. Dept. of Interior, Water Resources Division, In-
dianapolis, Indiana

This research is past of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Indiana.

Purposc: To analyze strcam flow data and determine low
flow characteristics such as flow frequencies and duration.

Methods: Stream flow at continuous record gaging stations
will be arrayed by computer at periodic intervals, A network of
low-flow stations where base discharges wili be measured periodi-
cally will be operated. Frequencies and durations will be deter-
mined at gaged sites and estimates of certain parameters will be
made for ungaged sites through correlation techniques.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Indiana State Government

2.0456, WATER RESOURCES, COLUMBUS, INDIANA

AREA .
F.4. WATKINS, U.S. Dept. of Interior, Water Resources Division,
Indianapolis, Indiana

This research is part of the program of water resources in-

vestigations conducted by the U. S. Geological Survey in coopera-
“tion with the State of Indiana.

Purpose - To investigate alternative methods of development
of water supplies from surface and ground water sources.

Method - Data to construct an analog model of the outwash
sand and gravel aquifer in Bartholomew County will be collected.
The model will be used to demonstrate the relative merits of vari-
ous methods of development of water resources to assure an
adequate supply for the next 50 years.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Indiana State Government

2.0457, MECHANICS OF SOIL EROSION BY WATER
M.F. BAUMGARDNER, Purdue University, Agricultura! Experi-
ment Sta. , Lafayette - West Lafayette, Indiana 47907
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(1) To determine the crodibility of soil as influcnced by its
particle characteristics; (2) to determine the effect of rainfall
splash and overland runoff on soil erosion; (3) to determinc the
importance of rainfall characteristics on the crosion process; 4)
to determine the effect of temperature on soil detachability and
transport; (5) to investigate and cvaluate the propertics of soils
which produce resistance to detachability and transport.

To better understand the mechanics by which water causes
soil erosion, the phcnomenon is to be studied under somcwhat
idealized but controlled, laboratory conditions. Simulated rainfall
and soils will be initially utilized in cxperiments with shallow
water flow over soil beds and through flumes. Concurrent experi-
ments of the resistive mechanisms of natural scils will also be
begun to give prectical significance to findings with simulated
soils.

» SUPPORTED BY U.S. Dept. of Agriculture

« Indiana Statc Government

2.0458, THE EFFECT OF URBANIZATION ON RUNOFF
IN SMALL WATERSHEDS
J.W. DELLEUR, Purdue University, School of Engincering,
Lafayette - West Lafayette, Indiana 47907

The objective of the rescarch is to study the cffect of varying
degrees of urbanization on the rainfall - runoff rclationship in pre-
urban, carly suburban and suburban watcrsheds principally in
West Lafayette, Indiana. For this purposc the following
watersheds will be used: a) the Ross Ade drain upper and lower
watersheds having arcas of 29 and 333 acres respectively, cover-
ing a fully developed suburban development and a portion of the
Purduc campus respectively. b) The Purdue Swine Farm covers
two watersheds having a total arca of about 470 acres, the upper
watershed is in the process of being developed, the lower
watcrshed is a pre-urban stage. It is expected to cvaluate the
volume and peak rate of runoff, the shape of the hydrograph, the
frequency of peak discharge, the infiltration rate, the base flow,
the time of concentration and the time lag in terms of the land use
intcnsity. The data obtained will be analyzed by means of conccep-
tual and/or mathcmatical models simulating watcrsheds with
varying degrees of urbanization.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Purduc University

2.0459, ASSEMBLY AND ANALYSIS OF HYDROLOGIC
AND GEOMORPHOLOGIC DATA FOR  SMALL
WATERSHEDS IN INDIANA

,.W. DELLEUR, Purduc University, School of Engineering,
Lafayette - West Lafayette, Indiana 47907

A computer oricnted asscmbly and retrieval system will be
developed for hydrologic and gecomorphologic data for
watcrsheds from 2 to 300 square miles in Indiana. This will in-
clude approximately 55 watersheds for which a large number of
single peak hydrographs will be digitized at 15 or 30 minute inter-
vals. A number of hydrograph and storm characteristics will be
cvaluated. The geomorphologic characteristics will be obtained
from drainage and topograph maps. The data will be loaded on
magnctic tape.

Upon completion of the data assembly, the hydrologic
response of small Indiana watersheds will be cvaluated under
varying rainfall and climatic conditions. Attempts will be made to
corrclatc the paramcters describing the hydrologic system
transfer functions to the basin hydrologic and geomorphologic
characteristics. The final objective is the development of predic-
tion methods for strcamflow forccast for ungaged basins in Indi-
ana.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Purduc University

2.0460, EXPERIMENTAL INVESTIGATION OF THE DE-
PENDENCE BETWEEN TURBULENCE EDDY VISCOSITY
AND FLUID VISCOSITY

V.W. GOLDSCHMIDT, Purdue University, School of Engineer-
ing, Lafayette - West Lafayette, Indiana 47907

2. WATER CYCLE

Momentum and mass arc diffused by molecular effects
through viscosity as well as by turbulence agitation of fluid cle-
ments. The diffusive cffect of turbulence has been explained by
defining an ‘Apparent Eddy Viscosity' a convenient grouping of
variables whosc value up to now has only heen deduced from
measurements. Inasmuch as most reliable measurcments of turbu-
lent propertics have been made in air (where the viscosity is espe-
cially constant) it has not been possible to conclude (except
through similarity postulates) whether or not that this ‘apparent’
tu;‘bulcnt ‘viscosity* is dependent on the fluid properties them-
selves.

Under the current researck, the mecasurcments of turbulence
intensities and velocity distributions in a submerged liquid jet will
be made and the dependence or lack of dependence between
cddy and molecular viscosity will be investigated.

SUPPORTED BY Purduc University

2.0461, MATHEMATICAL SIMULATION OF
HYDROLOGIC EVENTS ON UNGAGED WATERSHEDS

L.F. HUGGINS, Purdue University, Water Resources Research
Ctr. , Lafayette - West Lafayette, Indiana 47907

The basic approach of the proposed research project is to
develop relationships describing the dynamics of the various com-
ponents of the runoff process for small clemental areas within a
watershed. Fundamental hydrodynamic equations will then be
utilized in high speed computers to integrate the spatially varied,
time dependent outputs from all of the many clements within the
watershed to obtain a composite runoff hydrograph.

Then after a composite runoff hydrograph has been
developed, the adequacy of the mathematical model will be tested
by applying the model to several small gaged watersheds from
which rccords are currently available and comparing the pre-
dicted and observed hydrographs. The scnsitivity of the predicted
hydrographs to variations in parameter valucs for the various
hydrologic components will then be investigated. On the basis of
this investigation, it is anticipated that a labcratory model will be
constructed for investigating shallow flow over erodible surfaces
where detention and retention are apt to be pronounced. Upon
refining one or more of the sensitive parameters in the model, the
model will then be applied to larger, more complex gaged

watersheds for a comparison between the predicted and actual ru-
noff.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Purdue University

2,0462, MATHEMATICAL SIMULATION OF
HYDROLOGIC EVENTS ON UNGAGED WATERSHEDS
L.F. HUGGINS, Purdue University, Agricultural Experiment Sta.
, Lafayette - West Lafayette, Indiana 47907

(1) To develop the fundamental mathematical relations
describing the mechanics of surface runoff within a watershed
and the digital computer programs required to perform the in-
tegration of the resulting equations to produce a complete runoff
hydrograph; (2) To investigate the adequacy of the mathematical
model by applying it to several gaged watersheds from which
records are currently available and comparing predicted and ob-
served runoff hydrographs; (3) To use the above mathematical
model and currently available data to investigate the sensitivity of
predicted hydrographs to variations in parameter values for the
various hydrologic components of the model; (4) On the basis of
the results of Objective 3, to initiate laboratory studies of the
more important hydrologic components not currently being in-

vestigated elsewhere in suitable detail in order to obtain more
precise quantifying information than is currently available.

The basic approach for this project is to develop relation-
ships describing the dynamics of the various components of the
runoff process for small elemental areas within a watershed. Fun-
damental hydrodynamic equations will then be utilized in high
speed computers to integrate the spatially varied, time dependent
outputs from all of the elements within the watershed to obtain a
composite runoff hydrograph.
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2.0463, RELATIONSHIP BETWEEN THE ERODIBILITY

OF SOILS AND THE SEDIMENTATION RATE OF RESER-
VOIRS
H. KOHNKE, Purdue University, School of Agriculture,

Lafayette - West Lafayette, Indiana 47907

Many studies cxist that reveal the cffects of climate, topog-
raphy, vegetation, land use, and the relation of watershed size and
reservoir size upon the rate of sedimentation of reservoirs. Sur-
prisingly no specific studies exist that relate the properties of the
soils of the contributing watershed to the sedimentation rates. it
must be assumed these are related to the erodibility of the soils.
However, the same amount of eroded soil material from two
watersheds will contribute different amounts of sediment to a
reservoir, depending on the mechanical composition. Much of the
sand is frequently deposited in the flood plains above the reser-
voir while a big portion of the clay passes through the reservoir
unless the electrolyte content of the water is quite high.

This project will determine the soil properties that can be ¢x-
pected to contribute to sedimentability in watersheds that drain
into reservoirs for which the sedimentation rates are known. Con-
sidering also the other factors affecting sedimentation rates, an at-
tempt will bc made to correlate mcasurable soil properties to the
sedimentability of the soils studied.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Purdue University

2.0464, DEVELCPMENT OF LAND USE EQUATIONS
FOR THE SLOPING SOILS OF INDIAN

L.V. MANNERING, Purdue University, Agricultural Experiment
Sta. , Lafayette - West Lafayette, Indiana 47907

(1) To derive land use cquations applicable to Indiana condi-
tions; (2) To evaluate some of the newer practices such as mulch
tillage, deep tillage, and minimum tillage.

DESCRIPTION OF WORK: A portable rainfall simulator
that produces artificial storms of approximately the kinetic cner-
gy of high intensity natural rainfall will be used to test factors that
affect soil erosion. Factors to be tested include soil crodibility,
length of slope, percent of slope, past crosion, crop cover at vari-
ous stages of growth, crop rotations, tillage practices, and residue
management. Through the use of this cquipment to cvaluate these
factors that affect runoff and crosion, it is hoped to complement
cxisting natural rainfall data in arriving at realistic values for land
use equations,

SUPPORTED BY U.S. Dept. of Agriculture
Indiana State Government

2.0465, AN INTEGRATED SYSTEM OF STREAM CLAS-
SIFICATION
W.N. MELHORN, Purdue University, Water Resources Research
Ctr., Lafayette - West Lafayette, Indiana 47907

A stream classification system which will quantitatively make
comparisons of one stream to another has never been developed.
It is the objective of this research to establish a system by finding
some patterns of similarity between all strcams. Geologic factors
such as types of soil and rock, rock structure, and age; hydrologic
factors as depth, load, and channel roughness: and geomorphic
factors as topography and stream number will be considered as
possible parameters in establishing such a classification system.
The data will be taken from a wide range of streams, including all
the major rivers of the world. Patterns of similarities will be
revealed by parameter corrclation, using the computer to deter-
mine the interrelationships of these parameters. Establishment of
a unified, systematic terminology of stream classification will

greatly improve the communication framework within which all
water research is conducted, regardless of field of specialization.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Reh
Purdue University

2.0466, ELECTRICAL EFFECTS ON WATER INFILTRA-
TION IN?TO SOILS

D. SCHWARTZENDRUB, Purdue University, Agricultural Ex-
periment Sta. , Lafayette - West Lafayette, Indiana 47907

(1) To determine cxperimentally the magnitude of the
streaming potential developed under conditions of steady-and
transient-state (infiltration) water flow in unsaturated soils; (2)
To predict streaming potential theoretically by beginning with
present unsaturated flow theory and making suitable modifica-
tions for the cffect of unsaturation; (3) To compare theoretical
predictions of streaming potential with the cxperimental deter-
minations.

The experimental work will emphasize the simultaneous
measurement of clectrical streaming potential (using pH meter
and strip-chart recorder), water content (using gamma-ray at-
tenuation), and soil-water suction (using a transducer-recorder
technique ). These will be measured as functions of time and posi-
tion in a uniformly packed column of horizontal soil to which
water is added at one end. Use of the experimental findings to
validate theoretical predictions should enable the development of
more realistic and precise equations for describing water infiltra-
tion into soil.

SUPPORTED BY Indiana State Government

2.0467, ELECTRICAL EFFECTS ON WATER INFILTRA-
TION INTO SOILS

D. SWARTZENDRUBER, Purduc University, School of Agricul-
ture, Lafayette - West Lafayette, Indiana 47907

The hydraulic movement of water through porous mem-
branes and porous materials saturated with water or water solu-
tion can produce an clectrical streaming potential which opposes
the hydraulically induced flow. This pliecnomenon shouid also be
present in unsaturated water flow processes, such as the infiltra-
tion of water into soil. The objectives of the proposed research
are: 1. To determine cxperimentally the magnitude of the stream-
ing potential developed under conditions of steady-and transient-
state (infiltration) water flow in unsaturated soils. 2. To predict
streaming potential theoretically, by beginning with present satu-
rated flow theory for membranes and making suitable modifica-
tions for the effect of unsaturation. 3. To compare thcoretica!
predictions of streaming potential with the cxperimental deter-
minations.

Studies realizing these objectives should provide a better un-
derstanding of the infiltration process, and should enable the
development of more realistic and precise equations for describ-
ing the infiltration of water into soil. They may also point the way
toward possible usc of electrical energy to assist the cntry of water
into soil, cither by neutralizing the streaming potential or in an
clectroosmotic sense.

Experimental work will emphasize the simultaneous mea-
surement of electrical streaming potential (potentiometric strip-
chart recorder), water content (gamma-ray attenuation), and
soil-water suction (transducer-recorder technique). These will be
measured as functions of time and position in a uniformly packed
column of horizontal soil to which water is added at one end.

SUPPORTED BY U.S. Dept. of Interio+ - O. Water Res. Rch
Purdue University

2.0468, QUANTIFICATION AND PREDICTION OF THE
INFILTRATION PHASE GF THE HYDROLOGIC CYCLE
D. SWARTZENDRUBER, Purdue University, School of Agricul-
ture, Lafayette - West Lafayette, Indiana 471907

The objectives of this project are: 1. To examine the validity
of unsaturated soil-water flow theory for various facets of the in-
filtration process. and to obtain from the validated theory more
realistic and workable mathematical descriptions of infiltration
processes. 2., To analyze output hydrographs from simulated rain-
fall plots. with special emphasis on separating out from the instan-
tanecus rainfall the portion which is infiltrated. 3. To predict infil-
traiion rates from measured soil properties and soil-water con-
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tent, and to validate these predictions with field measurements of
infiltration rate.

SUPPORTED BY U.S. Dept. of Interior - o. Water Res, Rch
Purdue University

2.0469, DYNAMICS OF WATER INFILTRATION INTO
SOIL AS GOGVERNED BY SURFACE CRUSTING AND SEAL-
ING

D. SWARTZENDRUBER, Purdue University, School of Agricul-
ture, Lafayette - West Lafayette, Indiana 47907

The infiltration of water into soil can be strengly affected by
the presence of crusts or scals at the soil surface. It is proposed to
study the dynamics of water flow through crusts and seals, to pro-
vide a basis for characterizing them with respect to their water
transmitting properties under flow conditions associated with ir-
filtration. The specific objectives of the study are: 1. To obtain
mathematical solutions for the entry of water into unsaturated soil
when a thin laycr of low intrinsic permeability is located at the
inlet surface of the soil. 2, To test the cxperimental valiaity of the
mathematical solutions on idealized crusted-sealed unsaturated
flow columns. 3. To obtain experimental measurements of water
infiltration into unsaturated soil columns containing an actual
crust-seal produced by cither natural or artificial rainfall.

The results of Ohiective 3 will be compared both with the
mathematical solution of Ob::ctive | and the results of the ideal-
ized crusted-scaled system of Objective 2, On basis of these com-
parisons, (uantitative characterization of the flow properties of
the crust-seal will be sought, Experimental observations to be
taken will include water content by gamma-ray attentuation at
various times and positions in the soil columns, total volume of
water absorbed by the columns, und possibly soil-water suction by
mecans of transducer tensiometers.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Purdue University

2&0470, FLOW LAWS FOR THE MOVEMENT OF WATER
IN SOILS

D, SWARTZENDRUBER, Purduc University, Agricultural Ex-
periment Sta. , Lafuyette - West Lafayette, Indiana 47907

(1) To evaluate the nature and extent of deviations from
Darcy’s law in water saturated porous media; (2) To evaluate the
naturc and cxtent of deviations from Darcy’s law in porous media
partially saturated with water; (3) To study the flow behavior of
non-Newtonian liquids in porous media.

Various mixtures of sand, silt, and clay will be placed in per-
meameter cyclinders and subjected to a range of different hydrau-
lic gradients. The flow velocity through the samples will be
plotted against the hydraulic gradient to determine the constants
in a newly proposed basic flow law. An attempt will be made to
correlate these constants with nature of the sand-silt-clay mixture.
This will assist in determining limits of validity for Darcy’s law,
which is a special case of the newly proposed basic flow law. In
systems where Darcy’s law is expected to be valid, such as for
sands, some non-Newtonian liquids will be passed through. This
should give some indication as to whether deviations from Dar-
cy’s law when water is the liquid can be accounted for on a non-

cwtonian basis.

SUPPORTED BY U.S. Dept. of Agriculture
Indiana State Government

2.0471, CHARACTERIZATION OF THE RATE OF
WATER INFILTRATION INTO SOIL
D. SWARTZENDRUBER, Purdue Univertity, Agricultural Ex-
periment Sta. , Lafayette - West Lafaye.te, Iniana 47907

1. To develop theoretical and experimental means of describ-
ing the water-transport properties of soil relevant to the infiltra-
tion phenomenon. 2. To predict the infiltration rate from the
water transport depth function, the water content of the soil
profile, and the crusting characteristics of the soil surface. 3. To
measure infiitration rates with field-type instrumentation, to
analyze and interpret ther ' s, and to compare them with pre-
dicted values:

2. WATER CYCLE
SUPPORTED BY Indiana State Governmeit

2.90472, FLUID ELASTIC OPERATORS FOR UNDIR-
STREAMLINED STRUCTURES
G.H. TOEBES, Purduc University, School of Enginecring,
Lafayetie - West Lafayette, Indiana 47907

This research has been concerned with the Hydroelastic
loading of circular and triangular cylinders. The experimental in-
vestigation has been concerned with the deformation dependent
‘Fluid Elastic Operator* for a circular cylinder, a triangular
cylinder with the apex towards the flow, and a triangular cylinder
with a blunt face towards the flow, all placed normal to the fluid
flow. The cylinder was subjected to a simple harmonic motion
with the lift force and displacement being measured. The am-
plitude and frequency of the cylinder motions were varied. The
study resulted in the ducermination of the energy transfer between
the cylinder and the fluid flow and the amplification of the lift
force with frequency of oscillation close to the Stronhal frequen-
cy.

SUPPORTED BY U.S. National Sciencc “oundation

2.0473, THE HYDRAULICS AND GEOMORPHOLOGY QF
MEANDERING RIVERS WITH FLOOD PLAINS
G.H. TOEBES, Purdue University, School of Enginecring,
Lafayette - West Lafayette, Indiana 47907

It is proposcd to study the flow field through mecandering
rivers during flood stages when also the flood plains are part of
the conveyance. Except for a model study preparatory to the
presently proposed work there is no systematic study of the title
problem. The rescarch will serve to improve river routing
procedures and engincering designs involving flood-plain utiliza-
tion. The study is also of considerable theoretical interest.

SUPPORTED BY U.S. Dept. of Interior - O, Water Res, Rch
Purduc University

2.0474, ESTIMATING SOIL MOISTURE FROM
METEOROLOGICAL MEASUREMENTS

D. WIERSMA, Purdue University, Agricultural Experiment Sta. ,
Lafayette - West Lafayette, Indiana 47907

Objectives: (1) Determine the potential evapotranspiration
rate under Indiana conditions. (2) Determine the effect of
decreasing coil moisture on the cvapotranspiration rate. (3}
Develop a method for estimating soil moisture under different
vegetative covers, soil types, and various geographic areas of Indi-
ana. (4) Develop a method for estimating the daily, weekly, and
scasonal soil moisture conditions for the several geegraphic areas
of Indiana.

From routine meteorological measurements, it is proposed
that an cstimate of the soil moisture condition at a particular time
and at a given location in Indiana be made. The relationship
between the atmospheric cnergy gradient to the potential
cvapotranspiration rate and in turn this evapotranspiration rate to
soil moisturc changes makes this possible. The interaction of
decreasing soil moisture unsaturated hydraulic conductivity and
the atmospheric energy gradient on evapotranspiration will be
studied in the laboratory. The effect of kind and amount of
vegetative cover and soil typess will be studied in the field.

SUPPORTED BY U.S. Dept. of Agriculture
Indiana State Government

2.0475, BASIC PRINCIPLES AND MECHANICS OF RAIN-
FALL, RUNOFF, SOI. MOVEMENT AND LOSS IN THE
CORM BELT
W.H, WISCHMEIER, Purdue University, U.S.D.A Soil & Wat
Cons. Lab. , Lafayette - West Lafayette, Indiana 47907

Object: To develop basic information on the mechanics of
runoff and soil crosion from rainfall, and establish fundamental
principles to guide applied phases of the rescarch.

Plan of Work: Laboratory studies of a fundamental nature
will be conducted in Minnesota, on raindrop splash patterns and
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the relationships of drop size, shape, velocity, and cnergy of im-
pact of waterdrops upon soil detachments, suspension and trans-
port; in Indiana, the effects of overland flow, interaction of rain-
fall and overland flow and slope; and in Illinois on the relation of
rainstorm drop size distribution, cnergy and intensity to runoff
and erosion from ficld plots and subsurface movement of water
under sloping topography. Periodic review and planning con-
ferences will insurc close integration of the different phases of the
study, achievement of study objectives, and use of improved
techniques and procedures.

3UPPORTED BY U.S. Dept. of Agriculture

2.0476, EVALUATION OF CLIMATIC, TOPOGRAPHIC,
SOIL AND CROP MANAGEMENT FACTORS IN RELATION
TO WATER MANAGEMENT AND EROSION CONTROL IN
THE CORN BELT

W.H. WISCHMEIER, Purduc University, U.S.D.A Soil & Wat
Cons. Lab. , Lafayette - West Lafayette, Indiana 47907

Object: To cvaluate uander field conditions the primary and
interaction cffects of soil characteristics, rainfall, land slope,
vegetative covers, and management practices upon runoff, water
crosion and wind crosion,

Plan of Work: Mcasurements of the cffectiveness of cropping
systems and management plans and studies of the relationshing of
runoff and soil loss to length and degree of slope and to physical
and chemical propertics of the soil will be made under both natu-
ral and artificial rainfall. The studies will be designed to provide
reliable information on the interaction cffects as well as on the
primary effects of the different variables which influence field ru-
noff and soil loss. The runoff and erosion control effectivencss of
new practices such as intersceding of row crops, plow-plant and
mulch tillage will be evaluted under various soil and slope condi-
tions using ficld plot rainfall simulators. Effects of soil charac-
teristics will also be measured under small laboratory and ficld
plot rainfall applicators, Runoff and soil loss data obtained under
natural rainfall will be used as benchmark information te aid in
analysis of qualitative data obtained with the simulators.

SUPPORTED BY U.S. Dept. of Agriculturc

2.0477, DEVELOPMENT AND REFINEMENT OF
ll\Jdgél‘sHODS FOR PREDICTING FIELD RUNOFF AND SOIL
W.H. WISCHMEIER, Purdue University, U.S.D.A Soil & Wat
Cons. Lab. , Lafayette - West Lafayette, Indiana 47907

Object: To develop tables, cquations and graphs foi preduc-
tion of field runoff and soil losses and to refine the soil lose predic-
tion cquation methoas for appiying conscrvation practices to
farm fields and estimating sediment production rates.

Plan of work: All rainfall, runoff, soil loss and related data
sccured from small runoff plots of the Division arc assembled at
Lafayette, Indiana, for graphical analysis and transfer to punch
cards for machine corrclation and other analysis. Relationships
established arc immediately available for improving the accuracy
of the soil loss prediction method. Selected research workers in
major arcas of the humid region will have the results of the analy-
sis for study and adaptation to their local conditions. They will
work dircctly with Statc and regional SCS personnel in the
development and refinement of the method for use by SCS farm
planners. U. S. Weather Burcau records on rainstorm duration
and intensity will be used to suppleinent location records and ex-
tend the arca of soil loss application. Periodic review and
planning conferences insure achievement of study objectives and
use (l)f improved techniques of data handling and presentation of
resuits,

SUPPORTED BY U.S. Dept. of Agriculturc

2.0478, GROUND WATER SEEPAGE PATTERNS TO
WELLS FOR UNCONFINED FLOW
D. KIRKHAM, lowa State University, School of Agriculture,
Ames, lowa 50010

To derive exact theories for seepage of water to wells and
cavities in semi-confined aquifers, to digitally computerize these
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theories, and from the computed values of the potential and
strcam functions to prepare flow nets, showing, in particular, the
location of free surfaces, These exact theories would replace ap-
proximate theories obtained by Dupuit-Forchheimer procedures
or other approximate methods. The theories will show how accu-
rate clectric and other typc analogs may be relied on. The theo-
ries arc nceded to understand well dynamics accurately and to
furnish cocfficients nceded to convert accurately measured rates
of water rise in piczometer cavities to hydraulic conductivities.
The cxact theory for the buffered infiltrometer will be worked
out. The problems considered here are three-dimensional and
therefore not subject to (two-dimensional) conformed transfor-
mation procedures.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Iowa State University

2,049, SIMULTANEOUS FLOW OF WATER AND HEAT
IN  WATER-UNSATURATED IOWA SOILS DURING
EVAPORATION
D. KIRKHAM, lowa State University, School of Agriculture,
Ames, lowa 50010

Simultaneous flow of water and heat into onec- and two-
dimensional homogeneous, and layered soils with and without
cracks, will be studied under conirolied iaboratory conditions.
The soils will be packed in plastic containers and saturated with
water. Soil temperature will be measured with thermocouples in-
stalled at various positions throughout the soil. The soil container
will be placed below a bank of heat lamps in a wind tunnel where
air velocities will be controlled. Changes in soil moisture content
during cvaporation will be followed by mcasuring the soil
moisturc at a scrics of times at various positions throughout the
soil using the gamma ray-attenuation technique. The gamma ray
attcnuation technique will be used to measure the bulk density of
the soil at various positions in the model. An attempt will be made
to solve the differential cquations describing the flow of heat and
moisture in unsaturated soils cither analytically or numerically,
anlddthc theoretical results will be compared with the cxperimen-
tal data,

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Iowa Statc University

2.0480, MOVEMENT OF WATER AND GASES IN SOIL
D. KIRKHAM, lowa State University, Agricultural Experiment
Sta. , Ames, lowa 50010

Develop and test mathematical theory and formulac for
relating soil water and gas movement to physical properties. Im-
prove the neutron scattering device and attempt to combine with
density mecasurcment by gamma ray absorption. Develop theory
fcir using tagged atoms to follow water movement in soil and
plants.

DESCRIPTION OF WORK: The thecory of ground water
movement will be further developed for the saturated and unsatu-
rated state. Emphasis for the saturated state will be on the mathe-
matical soluticns of drainage problems, and especially on the
problem of the falling water table. Emphasis on the unsaturated
state will be on cvaporation. The isotopes deuterium and oxygen-
18 will be used as tracers for studying problems of water and gas
movement through soils and plants. Neutron and gamma ray
cquipment will be used for soil water and soil density measure-
ments.

SUPPORTED BY U.S. Dept. of Agriculture
JIowa State Government

2.0481, INTERRELATIONSHIP OF SURFACE AND SUB-
%l}ils(ll';f;\CE FLOW IN THE NISHNABOTNA DRAINAGE
L.V. SENDLEIN, lowa State University, Graduate School, Anies,
lowa 50010

The Nishnabotna River basin drains a modified glacial ter-
rain with Pleistocene deposits overlying bedrock. The Pleistocenc
deposits arc composed of glacial drift with sand and gravel-filled
channels associated with the buried bedrock valleys. The bedrock




aquifers subcrop within the basin and where they intersect the
modern alluvial or buried sand and gravel systems, they discharge
into them. Discharge hydrography can be used to evaluate
groundwater discharge at the point of mcasurcment, however the
source of the water and the amount moving into or out of the
basin cannct be determined by this method. In order to determine

the amount discharged to streams, the relationship of the subsur-
face geology tc the modern alluvial system must be known,

This study is composed ot two phases: 1. evaluation of sub-
surface flow into and out of the Nistinobotna Basin, and 2. loca-

tion and evaluation of discharge from the subsurface to the
modern stream system,

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
lowa State University

2.0482, EFFECTS OF WEATHER ON CROPS
R.H. SHAW, lowa Statc University, School of Agriculture, Ames,
fowa 50010

A continuing study to cxamine meteorological techniqucs ior
cstimating cvapotranspiration and soil moisture and to test
techniques for calculating cvapotranspiration losses and improve
uscfulness in determining the available moisture in meadow
crops. Test periods arc Aprii-june, Junc-August, and August-
November. Estimated soil moisture is compared with mcasured
soil moisture.

Evaluation of the cffect of advected energy on the metal
cvaporation pan directly will be initiated in FY-68.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

2.0483, USE OF INFRARED AND OTHER RADIATION
TECHNIQUES TO EVALUATE DROUGHT IN IOWA AND
ADJACENT AREAS
R.H. SHAW, lowa State University, School of Agriculture, Ames,
lowa 50010

A method is proposed to detect the onset and development
of drought by the mecasurement and analysis of the spectral radia-

tion characteristics of plants. Because the various factors produc-
ing water stress in plants reduce the quality and quantity of the
harvested plants, it is important to dctect drought intensity dif-
ferences under a variety of differcnt management practices.
Radiation theory indicates that the spectral ‘signature’ of
plants could differ because of chemical composition, color, tem-

perature, water content, ctc. Expecrimental cvidence has
established that a reduction in near infrared reflectance occurs as
a result of drought but could not be distinguished from nutritional
and discase disorders by infrared photography alone. A spec-
trophometric analysis is proposed in the 0.4 to | micron
wavelength repgion to investigate the possible separation of the
causative factors. Infrared photography will also be used. The
results will be correlated with the stress conditions of plants as
cvaluated by presently available techniques.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
lowa State University

2.0484, WEATHER INFORMATION FOR AGRICULTURE
R.H. SHAW,lowa State University, Agricultural Experiment Sta. ,
Ames, Iowa S0010

Objectives: 1. lowa weather data will be analyzed and in-
terpreted for problems in agriculture. 2. lowa weather data analy-
sis will be coordinated with similar information in the North Cen-
tral Region. 3. Both state (The Climate of lowa) and regional
publications will be published as summaries are completed.

Work proposed - The work proposed involves the analysis of
soil moisture - atmospheric stress conditions (stress day concept)
for several experimental farms in lowa. An analysis will be made
of the climatology of stress days. The study of weather and oat

yields over the region will be continued. Data will be furnished for
any rcgional summaries undertaken by the regional committee.

2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Agriculture
Iowa State Government

2.0485, SOIL AND CLIMATE FACTORS AFFECTING
THE EFFICIENT USE OF WATER BY CROPS

R.H. SHAW, lowa State University, A: ricultural Experiment Sta. ,
Ames, lowa 50010

Using soil moisture data collected over lowa, a method has
been developed by which daily soil moisture balances can be pre-
dicted. Precipitation and cvaporation pan data are the weather
data used. Procedures have been developed for corn, meadow
and oats,

The climatology of soil moisture under corn ut Ames, lowa
was cstimated for 30 years, 1933-62 for the different available
ficld capacitics and for each 3 differcnt ‘starting' soil moisture
profiles in the spring. An atmospheric - soil moisture variable was
developed and used in the interpretation of the effects of weather,
stand and fertilizer treatment on long term experimental plot corn
yields. The climatology of water stress conditions for corn was
also prepared. The methods are now being cxpanded to other cli-
matic regimes.

The cfficiency of water usc with different row spacings of
corn has been studied and the relative amounts of water lost by
soil evaporation and transpiration evaluated.

SUPPORTED BY Iowa State Government

2.0486, FLOW OF WATER INTO TILE DRAINS ON
STRATIFIED SOILS
S. TOKSOZ, lowa State University, School of Agriculture, Ames,
Iowa 50010

A solution for the Laplace’s equation will be sought in con-
nection with water flow into tile drains in a stratified soil having
diffcrent permeabilities and with a curved water table between
the drains, It is expected that the resulting solution, containing the
drain spacing implicitly, can be transformed into an cxplicit form
to give the drain spacing directly. The drain spacing formula will
then be put into a graphical form so that it can be easily used by
the designers. The cffects of various soil and drainage parameters
on drain spacing will be explored from the standpoint of setting
up useful design criteria.

SUPPORTED BY U.S. Dept. nf Interior - O. Water Res. Rch
lowa State University

2.0487, INJURY AN RESISTANCE IN PLANTS
D.G. WOLLEY, lowa Sta.. ''nivarsity, Agricultural Experiment
Sta. , Ames, Iowa 50010

The overall objective is to uetermine how and to what degree
the water status of plants is rclated to growth and development
and is influenced by physical factors of the environment.

A number of measurements relating to plant r oisture stress
will be made. These include relative turgidity, stonatal opening,
beta-ray gauging and leaf temperature. The accuracy of each and
the relationship between them will be cxamined. Work will be
conducted primarily on soybeans and corn. Plant observations to
be rclated to moisture stress measurements are leaf area and cffi-
ciency, growth rate, grain yield and seed quality. The cffect of
timing of moisture stress will be determined by applying moistuie
stress at differert stages of plant development. The
photosynthetic responsc of varietics will be studied in controlled
growth chambers under various moisture stress regimes. Growth
chambers will also be used in cvaluating the cffect of moisture
stress on nutrient uptake and translocation. Mcasurements of
plant moisture stress will be related to environmental factors
more casily measured (solar radiation, evaporation, soil moisture,
etc.) in an attempt to obtain some degree of predictability.

SUPPORTED BY U.S. Dept. of Agriculture
Iowa State Government

2.0488, WATER AVAILABILITY OF MUSCATINE
ISLAND, I0WA

R.E. HANSEN, U .S. Dept. of Interior, Water Resources Division,
Iowa City, lowa
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This research is part of the program of water resources in-
vestigations conducted by the U. S, Geological Survey in coopera-
uon with State and local agencies in Iowa,

Purpose: To provide guidelines for optimum development
and management of the water resources of the arca by defining
the hydrologic system and analyzing the system’s responsc to
present and anticipated development.

Methods: Test holes will be drilled to define the extent,
thickness, and physical characteristics of the aquifer, Observation
wells will be installed and periodic mecasurements will be made to
determine the water table and the vertical flow component.
Aquifer inventory of withdrawals from the aquifer will bc made.
Water samples from observation wells and existing wells will be
collected and analyzed to determine arcal distribution and time
variation of chemical constituents. An analog model will be con-
structed and analyzed to predict and define the hydrologic
system’s responsc to additional development,

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Iowa State Government

2.0489, LOW-FLOW STUDIES OF IOWA STREAMS
H.H.SCHWORB, U.S. Dept. of Interior, Water Resources Division,
lowa City, lowa

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of lowa.

Purpose: To cvaluate the firm water-supply potential of
strcams which will assist in the administration of the Iowa water
law and in the development, administration and enforcement of
water -|uality criteria applicable to surface waters.

Mecthods: Approximately 435 low-flow partial-record sta-
tions were established where at least one low-flow discharge mea-
surcment is made cach year. By correlation with complete-record
stations, data from the low-flow partial-record stations can be
used to estimate low-flow yields in practically cvery arca of the
State. A report prepared in 1958, ‘Low-flow Characteristics of
lowa Strcams,’ is currently being updated. The updated report
will include duration-of-flow data, low- flow frequency analyses,
and mcthods for predicting the mean flow and possibly on other
index of low flow at ungaged sites.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
lowa State Government

2.0490, FLOOD PROFILES AND FLOOD-PLAIN INFOR-
MATION, CEL AR RAPIDS, IOWA

H.H.SCHWQB, U.S. Dept. of Interior, Water Resources Division,
Iowa City, lowa

This researca is part of the program of water resources in-
vestigations conducted by the U.S. Geological Survey in coopera-
tion with Statc and local agencies in Iowa.

Purpose: To provide flood information on creeks in the city
and proposed cxpansion areas for use by planning and zoning
agnncies.

Methods: Flood-profile data will be obtained in the field im-
mediately after the occurrence of significant floods or by compu-
tation using channel cross sections and other pertinent field data.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
JIowa State Government

2.0491, FLOOD PROFILES AND FLOOD-PLAIN INFOR-
MATION, LINN COUNTY, IOWA

H.H.SCHWOB, U.S. Dept. of Interior, Water Resources Division,
Iowa City, lowa

This rescarch is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with State and local agencies in Iowa.

Purpose: To define flood profiles and obtain flood informa-
tion on several small streams in Linn County that will be useful to
local agencies in futurc development and in formulating and ad-
ministering zoning regulations.

Methods: Profiles of flood flow and low flow will be obtained
and discharge measurcments made at a sufficient number of

points along the sclected streams to define the stage-discharge
rclations. Flood- frequency data will bec computed,

SUPPORTED BY 1J.S. Dept. of Interior - Geological Survey

lowa State Government

2.0492, STATISTICAL, METEOROLOGICAL AND
DEPTH-AREA ANALYSIS OF RAINFALL
N. ROSENAN, Israel Meteorological Service, Bet Dagan, Israel
This research project which is funded under the Special Cur-
rency Program of the United States Government consists of three
scparate studies: (a) Statistical analysis of long period (105 years)
rainfall scries and its application to hydrological middle-range
and long-range forecasting, (b) Correlations between rainfall in
the central Mediterranean and in castern Mediterranean and
possible cxplanation by typical configurations of the 500 mb. sur-
face. (c) Comparison of point and arcal rainfall,

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

2.0493, DETERMINATION OF EVAPOTRANSPIRATION
FOR SHORT INTERVALS ON A BENCHMARK BASIN
D. ROSENZWEIG, Ruppin Inst. of Agriculture, Emek Hefer,
Israel

The description of this rescarch project which is funded
under the Special Currency Program of the United States is as fol-
lows: The benchmark basin is located in the Karst arca of the
Nahal Oren catchment on Mount Carmel. The purpose of the
study is to (a) develop rclationships between soil moisture
changes (actual evapotranspiration) and various meteorological
factors, (b) comparc long period evapotranspiration obtained by
ncutron scattering meter to thosc obtained by energy budget, (c)
study hydrologic balance for the basin.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

2.0494, MOVEMENT OF IONS AND SALTS IN SOILS
R.S. MOKADY, Technion Res. & Develop. Fdn. , Haifa, Israel

Object: To study the movement of ions in saturated and un-
saturated soils and clays and the cffect of soil stratification on this
movement.

Plan of wor!.: Theoretical development: Prescnt theorics for
chromatography, miscible displacement, ion diffusion, and
hydrodynamic dispersion will be examined, modificd, and con-
solidated into a unified model applying to the practical problem
of salt movement and fertilizer distribution in soils. Sim,Jifying
assumptions, when nccessary, will be those most compatible with
the conditions of the laboratory trials, Laboratory trials: The rate
of salt and ion movement during water flow through clays and
through rcal and simulated layers of soil will be mecasured, as well
as the salt distribution pattern through one dimensional and
three-dimensional flow. The movement will be monitored both
conductimetrically and through the use of radioactive tracers.
Radioactive sodium, chlorine, and tritium will be used as much as
possible in tracing the relative movement of salt and water
through the fayers. Variables involved will include soil moisture
content, soil profile homogeneity. salt composition and concen-
tration, and temperaturc. Aiier the preliminary stage, in which
many of these variables v be siudied independently, the varia-
bles will be combined anc the inirractions cxamined.

SUPPORTED BY U.S. ieps. of Agriculture

2.0495, DEVELOPMENT OF METHODS FOR MEASUR-
ING PARTIAL VAPOR PRESSURE OF SOIL WATER
D. ZASLAVSKY, Technion Res. & Develop. Fdn. , Haifa, Israel

Object: To develop (1) a convenient method for measuring
the partial vapor pressure of soil water, (2) a method which does
not requ.-e strict laboratory conditions, and (3) a method usable
in the 98 to 100% relative humidity range.

Plan of Work: This project concerns itself with development
of instrumentation for measuring the partiai vapor pressure of
plant and soil water. The first stage of this rescarch would be the
development of some improved methods for measuring the partial
vapor pressurc of soil and plant water. The second stage of the
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research would be to use the mcthod in some preliminary in-
vestigations of water movement in soil. Mcthods of instrumenta-
tion to be investigated and their order of investigation are: (1)
measurement of dielectric constant, (2) osmotic pressure, (3)
refractive index, and (4) radioactive krypton,

SUPPORTED BY U.S. Dept. of Agricuiture

2.0496, PRECIPITATION, STREAMFLOW AND SEDI-
MENT CONVEYANCE IN A SMALL ARID WATERSHED
D. AMIRAN, Hebrew University, Jerusalem, Israel

This research project which is funded under the Special Cur-
rency Program of the United States will invesiigate precipitation
to determine maximum intensities, arcal variability, and cffects of
relicf, cxposure and wind. Peak flows will be obtained at nu-
merous locations and continuous flow at the mouth. Flash floods
will be sampled for sediment concentration, crosion on slopes and
in channels, and sediment tracing by isotope or fluorescent dycs.
It is hoped that desert flash floods with recurrence interval of 5-10
years wili provide conclusions relevant to ir.ore infrequent cvents
in humid environments.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

2.0497, THEORETICAL AND EXPERIMENTAL IN-
VESTIGATIONS OF THE MECHANISM OF FLOW OF
WATER AND SOLUTES IN PLANT ROOTS

B. BINZBURG, Hebrew University, Jerusalem, Israel

Object: 1. To analyze the steady-state flows of water and
solutes across roots; (2) To explain the mechanism and site of
separation of solute from the water which occurs in the plant root
tissue; (3) To explain the salt tolerance of plants on the basis of
both water flow and chemical reaction.

Plan of Work: Theoretical attempts will be made to adapt the
thermodynamics of irreversible processes to a study of ultrafiltra-
tion. The theory should deal witk flows through homogenous
membranes as well as those through complex membranes. It
should resolve the dependence of ultrafiltration on the composi-
tion of solutions and on driving forces as gradients of hydrostatic
pressure, osmotic pressure and clectrical potential.

SUPPORTED BY U.S. Dept. of Agriculture

2.0498, SOIl. WATER EVAPORATION AND MEANS OF
MINIMIZING IT
D. HILLEL, Volcani Inst. of Agric Res. , Rehovot, Israel

Object: To test recent developments in the theory of unsatu-
rated soil-moisture flow; to dctermine the cxtent to which
cvaporation losses can be n.inimized by modification of surface
conditions; and to develop methods for moisturc conservation in
barcsurface soils.

Plan of work: A rigorous examination and development of
theory for various boundary conditions and planning of laborato-
ry and ficld trials will be conducted. In this stage, it may be r:eces-
sary to submit problems to solution by clectronic computers. All
pertinent soil-water and soil-thermal properties will be deter-
mined, including diffusivity, conductivity and retention proper-
ties. The experiments will include stcady-state and transient-state
processes, finite and semi-infinite columns; uniform and layered
profiles; steady and intermittent cvaporation; as well as isother-
mal and non-isothermal columns. Each variable will be tested
separately and later combined and the interactions examined with
a view toward finding a feasible combination of profile properties
and environmental conditions likely to result in diminution of
cvaporative losses. The theoretical and experimental results will
be tested in the field, to determine their applicability under vary-
ing conditions of soil and natural climate. These cxperiments will
include pre-wetting and post-wetting tillage, structural stabiliza-
tion by chemical means, and the use of materials.

SUPPORTED BY U.S. Dept. of Agriculture

2.0499, SOIL STRUCTURE - TILLAGE INTERACTIONS
D. HILLEL, Volcani Inst. of Agric Res. , Rehovot, Israel

Object: To investigate the influences of tillage operations on
soil physical conditions related to crop growth.
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Plan of Work: Theoretical development: A rigorous ex-
amination will be made of the dynamics of soil-water systems, and
the application of the theories of clastic, plastic and rheological
models to compaction and tillage of unsaturated soils.

Laboratory trials: Mcasurements will be made of stress -
deformation - failure properties of soils for brundary conditions
simulating tillage, and tests made of similitude models of simple
tillage tools. Field trials: Theoretical and laboratory results will be
applied in the ficld, and field techniques developed for cvaluating
tillage cfficiency. These cxperiments will measure and analyze
soil and tool stresses, power requirements and tractability. in ad-
dition to the mechanical factors, soil phiysical processes will be
followed, as well as crop response under various tillage systems.
The study thus envisages the cooperative effort of soil physicists,
cngineers, and agronomists.

SUPPORTED BY U.S. Dept. of Agriculture

2,0500, THE PHYSIOLOGICAL BASIS OF THE
TOLERANCE OF HORTICULTURAL CROPS TO COLD,
DROUGHT, AND WATER

B. KESSLER, Volcani Inst. of Agric Res. , Rehovot, Israel

Object: To determine the basic plant structures which are
suscoptible and become injured through the effect of cold,
drought, and high water stress and to then develop chemicals
which may aid the plants in meeting these stress conditions.

Plan of Work: Experiments will be conducted under induced
cold and water stress. Initially studies will be done with gramine-
ous plants such as wheat and barley and research findings adapted
to similar studies of various subtropical and temperate zone fruit
plants. The correlationships between nucleic acid, enzymes, and
stress resistance will be determined; and will include RNA -
synthesizing polymerase and the elucidation of the metabolic
pathways through which water stress influences the synthesis of
this enzyme in drought-resistant plants. The nature and distribu-
tion of plant lysosomes, the inherent centers of high concentra-
tions of destructive catabolic enzymes, will also be studied. The
cffect of extreme external conditions of temperature & water
upon reticulate and nucleoprotinous fine structures in the cell will
be examined as will the stability of catabolic centers associated
with these fine structures. Biochemical laboratory assay methods
will be developed to determine the relative degree of stress re-
sistance of a given plant or type. Chemical agents which can in-
duce drought and cold hardening processes or otherwise stabilize
the fine celiular structures and catabolic enzyme centers under
unfavorable conditions wiil be sought, developed and field tested.

SUPPORTED BY U.S. Dept. of Agriculture

2.0501, INFLUENCE OF PLANT AND ENVIRONMENTAL
FACTORS ON PHOTOSYNTHESIS, STOMATAL APERTURE
AND TRANSPIRATION
E. SHMUELI, Volcani Inst. of Agric Res. , Refiovot, Israel

Object: To (1) study stomatal aperture and gaseous
exchange of the plant as influenced by the internal water potential
of the plant, and the energy status of water in the rooting medium
and in the atmosphere, and (2) basic aspects of diffusion through
the stomata and the whole leaf, and (3) to develop field
techniques to measure stomatal aperture to gauge irrigation
needs. ‘
Plan of Work: Study will be made of the effect of stomatal
aperture on gaseous exchange of plants, and an assay developed
for stomatal aperture as an indicator of the need for irrigation.
Relevant soil, plant, and atmosphere parameters coupled with
plant responses will be measured over short periods under
semicontrolled conditions. Parameters to be measured or evalu-
ated are for the soil: moisture content, water potential and
hydraulic conductivity; for the atmosphere: air temperature, hu-
midity, wind flow and net radiation flux; and for the plant: leaf
gaseous diffusion, stomatal aperture, stomatal resistance, trans-
piration, photosynthesis, respiration, growth, water potential of
the plant tissue, and leaf temperature. It will contribute signifi-
cantly toward understanding the role of the plant in the hydrologi-
cal cycle and thus increase our potential for water conservation.




2. WATER CYCLE
SUPPORTED BY U.S. Dept. of Agriculture

2.0502, GRAVITY FLOW OF WATER IN SOILS AND
AQUIFERS OF WESTERN KANSAS
R.C. PRILL, U.S. Dept. of Interior, Geological Survey, Lawrence,
Kansas

This research is part of the program of water resources in-
vestigations conducted by the U. S. Genlogicul Survey in coopera-
tion with the State of Kansas. The problem is to determine the
rate of recharge in the High Plains of southwestern Kansas and to
determine the storage coefficients of the principal aquifers.
Although most of the area has been studied before, the standard
methods used have failed to yield reliable results, It is proposed to
determine by mcans of logging with a ncutron meter (1) the rate
of recharge through cach of the major soil types and trace the
downward movement of water beneath the root zone and (2) the
rate aind amount of dewatering as a result of pumping. A continu-
ing project started in 1965.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Kansas State Government

2.0503, RECENT VARIATIONS IN COURSE AND
REGIMEN, KANSAS RIVER AND NEARBY REACHES OF
MISSOURI RIVER
W. DORT, Univ. of Kansas, Graduate School, Lawrence, Kansas
66045

A pilot study of the lower Kansas River and a portion of the
Missouri River near the Kansas confluence. Compilation of data
on variations in stream course, floodplain landforms, and flood-

plain sediment patterns. Data to be obtained from study of maps
and aerial photographs and in the field.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Kansas

2.0504, EFFECTS

HYDROGRAPHS
E.C. POGGE, Univ. of Kansas, School of Enginecring, Lawrence,
Kansas 66045

Two analytical mcthods which have been developed for
determining bank scepage and bank storage at a particular loca-
tion during the passage of a flood wave will be utilized to study the
effects of bank seepage on a flood wave as it passes through a
reach of an alluvial channel. Based on the results of this study a
method will be formulated for the separation of groundwater ru-
noff from surface water runoff for a flood hydrograph analysis.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Kansas

OF BANK SEEPAGE ON FLOOD

2.0505, WATER UTILIZATION ASPECTS OF WEATHER
MODIFICATION AS APPLIED TO KANSAS

R.L. SMITH, Univ. of Kansas, School of Engineering, Lawrence,
Kansas 66045

The primary objective of this study is to ascertain the relative
magnitude of incremental precipitation (weather modification)
required to produce significant water management results in Kan-
sas.

A digital model of the hydrologic cycle is being used to study
the probable response to augmented precipitation patterns. Four
Kansas basins, representing a variety of climatic, geologic, and
hydrologic conditions will be studied. A variety of rainfall aug-
mentation patterns will be utilized. These will range from z timple
percentage increase in the historic record to the use of random
variables and selected operational constraints reflective of the
water managment and control needs of the area, Comparative
analysis of the various model runs is expected to give some insight
to the degree of weather modification needed to provide mea-

sureable improvement in water supplies for various beneficial
uses.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Kansas

2.05006,
FLOW
C.F. WEINAUG, Univ. of Kansas, Water Resourccs Institute,
Lawrence, Kansas 66045

A mathematical model of ground water flow is being
developed. The model basicaily cons’sts of the numerical solution
of the partial differential cquations describing two phase, two-di-
mentsional flow in porous media, c.g., water flow in the presence
of partial air saturation. A digital computer is required in the solu-
tion technique, Calculations made with the model are to be
checked against cxperimental aquifer-recharge data obtained by
the U.S. Geological Survey.

The mathematical model will be useful for such studies as an
cvaivation of methods of artificial recharge of ground-water
aquifers or the determination of rate of {low betwcen adjacent
aquifers.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Kansas

NUMERICAL MODELING OF GROUND WATER

2.0507, LONGITUDINAL DISPERSION OF THE LOWER
KANSAS RIVER BASIN

Y.S. YU, Univ. of Kansas, School of Engineering, Lawrence, Kan-
sas 66045

The purposc of this project is to determine the longitudinal
dispersion characteristics of the Lower Kansas River Basin.

This study will be based on the field measurements of timc
concentration of dye at different stations in the Lower Kansas
River Basin. The longitudinal dispersion cocfficient will be deter-
mincd from the time-concentration curves and the flow parame-
ters.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Kansas

2.0508, WEATHER IN
AGRICULTURE

L.D. BARK, Kansas State University, Agricultural Experiment
Sta. , Manhattan, Kansas 66504

(1) To analyze and interprct weather data on a regional basis
for application to agriculture and rclated industries. (2) To
develop phenology as a climatic tool to characterize seasonal
weather patterns. (3) To develop instrumentation of particular
value to agriculture. (4) To coordinate the collection, rcporting
and summarization of weather data on a regional and inter-rc-
gional basis.

Sixty ycars of weather records from 24 Kansas stations are
placed on magnetic tape for computer analysis. These data are
subjected to statistical procedures to obtain the probabilities of
occurrence of weather factors of importance to Kansas Agricul-
turc. When cxisting statistical procedures ¢  inadequate, the
data are uscd to develop new techniques.

SUPPORTED BY U.S. Dept. of Agriculture
Kansas State Government

RELATION TO KANSAS

2.0509, RECHARGE IN RIVER VALLEYS OF CENTRAL
AND EASTERN KANSAS - EFFECT OF TUTTLE CREEK
RESERVOIR ON GROUNDWATER LEVELS
H.V. BECK, Kansas State University, Graduate School, Manhat-
tan, Kansas 66504

Water level measurements on project one were started in
June 1966 and have been maintained to date. Records indicate no
major change in water level during this time, even though there
has been extensive irrigation and periods of below normal rainfall.
No direct correlation has been determined as yet.

Electrical resistivity and refraction siesmograph surveys will
be made in the next year in order to determine lateral and vertical
variations in the aquifer.
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K. A. E. S, Bull. 512 summarizes the findings of project two.
Reservoir elevation affects the ground water level indirectly by
governing the amount of water released from storage which
governs the level of the river below the dam.

Report in preparation on the cffects of pumping on the
chemistry of the ground water.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Reh
Kansas State University

20510, THE ECONOMIC EFFECTS OF DROUGHT ON
AN AGRICULTURAL ECONOMY
0. BULLER, Kansas State University, Graduate School, Manhat-
tan, Kansas 66504

1. To cvaluate the economic cffects of drought on farms und
to rural communities and, if possible, to improve some cxisting
strategies used by farmers and to derive improved strategies to
minimize the cffects of drought on farm firm; 2. To derive esti-
mates of the effect of weather as compared with other inputs, in
the production of the most important crops grown in the great
Plains,

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

2.0511, ECONOMICS OF CLIMATE
0. BULLER, Kansas State University, School of Agriculture,
Manhattan, Kansas 66504 :

Analysis of the cconomic cffects of weather variability on
Kansas farm income began with the study of the relationship
between crop yields and weather variables. Duc to climatic dif-
ferences and form in which data was available, the analyses con-
sidered Kansas as nine crop reported districts,

Crops considered in Western Kansas were wheat and grain
sorghum; in Central Kansas, wheat, grain sorghum and corn; in
Eastern Kansas, wheat grain sorghum, corn and soybeans. A good
statistical rclationship was for crops and weather variables, but
not for livestock production and weather.

Relationship between crop yield and weather were casier to
cstablish in Western Kansas than in Eastern Kansas, Weather
variables used in Western Kansas were indexes established by
Wayne Palmer and reported in ‘Meterological Drought,' research
paper number 45, U.S. Department of Commerce, Weather Bu-
reau. Weather variables in Eastern Kansas were based on a mea-
sure of evapotranspiration rate.

The influence of weather on farm income has been relatively
favorable in Eastern Kansas but has had an adverse affect in
Western Kansas,

SUPPORTED BY Kansas State University
U.S. Dept. of Commerce - E.S.S.A.
Kansas State Government

2.05i2, IRRIGATION PROJECT
R.E. GWIN, Kansas State University, Agricultural Experiment
Sta. , Manhattan, Kansas 66504

Corn and grain sorghum performance tests. Forage tests.
Bean, date and varieties, Onion varieties and weed control, onion
fertility. Potato varieties. Castor bean fertility. Corn, and grain
sorghum fertility, Winter wheat fertility. Winter wheatand winter
barley varicties. Alfalfa seed production.

SUPPORTED BY Kansas State Government

2.0513, ECOLOGICAL STUDIES OF GRASSLANDS, ETC.
L.C. HULBERT, Kansas State University, Agricultural Experi-
ment Sta. , Manhattan, Kansas 66504

Description of Work: The major emphasis is on the delinea-
tion and description of the plant communities in the true prarie of
the Flint Hills of Kansas. Areas are selected possessing different
site conditions (ridge tops, rocky slopes, gently sloping deep soil,
etc.) and different treatments (ungrazed and grazed, burned and
unburned, unmowed and annually mowed). On these arcas
canopy coverage of cach species of vascular plant is measured.
From thesc data the expected composition under different condi-
tions will be compiled, and the cffect of different treatments on
cach species will be interpreted.
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Relationships and causes of the relationships among the
plants of the communities will be studied more after the commu-
nities are known,

SUPPORTED BY U.S. Dept. of Agriculture
Kansas State Government

2.0514, GROUND WATER RECHARGE THROUGH PITS
AND WELLS

H.L. MANGLS, Kansas State University, School of Enginecring,
Manhattan, Kansas 66504

Irrigation development increases the drainage problem in
areas with poor natural surface drainage. An alternative to an or-
ganized Drainage District is to dispose of excess water by
recharge into the underground aquifer, This can be accomplished
by pits or wells if suspended material is removed from the surface
water,

A series of recharge pits will be dug to the top of the un-
derground aquifer, The pits will be backfilled with a filter materi-
al, Various materials, including fiberglass, sands and gravels, will
be evaluated in the laboratory before selecting a filter design for
field trails.

Underground draintile will be installed to determine if the
natural soil profile can be used as an cffective filter for removing
suspended particles from surface runoff water. Runoff from rain-
fall and irrigation will be diverted onto the area and the flow rate
and amount of suspended sediment determined.

The potential recharge rate of a sclected aquifer will be
determined. Water will be pumped from an existing irrigation well
into a recharge well.

The work will be accomplished at Kansas State University,
Manhattan, and the Sandyland Irrigation Field at St. John, Kan-
sas.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Kansas State University

2.0515,
VOIRS
G.R. MARZOLF, Kansas State University, Graduate School,
Manhattan, Kansas 66504

The utilization of aquatic bacteria as a food source for
zooplankton is suspected in reservoirs where low light penetration
timits primary production. Study of the nutrition of the excep-
tionally large zooplankton populations living in these cnviron-
ments will add significant information to the flow of energy thru
reservoirs and tc role of bacteria generally in surface waters. The
approach will be that of measuring the efficacy of bacterial, algal,
and detrital feeding by populations of zooplankton in laboratory.
This will be estimated by monitoring population attributes (i.e.,
birth rates, and death rates) rather than dealing with individuals.
The cxperiments will be conducted under controlled temperature
conditions, using food sources of known quantity and caloric con-
tent,

SUPPORTED BY U.S. National Science Foundation

ZOOPLANKTON NUTRITION IN LARGE RESER-

2.0516, MICROMETEOROLOGICAL INVESTIGATIONS
OF THE ENERGY BUDGET - EFFECT OF SUMMER WINDS
E.L. SKIDMORE, Kansas State University, School of Agricul-
ture, Manhattan, Kansas 66504

The influence of summer winds on energy budget in semiarid
agricultural regions will be characterized and effectiveness of slat-
fence windbreaks in reducing windspeed and evapotranspiration
determined. Eight-foot-tall slat fence will be installed perpendicu-
lar to direction of prevailing summer wind about midfield. Obser-
vations stations will be established at 6H windward and 2, 6, and
12H lceward of the windbreak (H equal height of windbreak).
Measurement of temperature, humidity, and windspe~d
gradients, net radiation, and soil heat flux density will be obtainzd
at each observation station and used to compute energy balance.
Obgervations will be made at various levels of windspeed and soil
moisture.
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SUPFORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Kansas State University

2.0517, IMPACTS OF DROUTH ON LOCAL ECONOMIES

IN KANSAS )
M.D. SKOLD, Kansas Statc University, Agricultural Expcriment

Sta. , Manhattan, ;lansas 66504

Objectives: 1. Identify and measure the occurrence, dura-
tion, and intensity of recent historical agricultural drouths in
Southwest Kansas. 2. Analyze the direct effects of these drouths
on thc composition and level of farm output and income. 3.
Analyze the indirect cffects of these drouths on the levels and
flows of income in agriculturally rclated industries in local ccono-
mics. 4. Assess the extent to which improved agricultural water
management practices might have reduced the direct and indirect
cconomic cffeets of drouths,

Rather than attempt to establisk a new technique for measur-
ing drouth, plans arc to adopt a technique alrcady developed and
test it as to its ability to relate to changes in agriculture that occuy
as a consequence of drouth. These agricultural adjustments will
be analyzed as to their cffect upon the local economy and perhaps
to certain sectors of the local economy.

SUPPORTED BY Kansas State Government

2.0518, MOISTURE USE ESTIMATION AND RELATION-
SHIP BETWEEN MOISTURE USE AND NITROGEN
RESPONSFE IN WINTER WHEAT
R.L. VANDERLIP, Kansas State University, School of Agricul-
ture, Manhattan, Kansas 66504

Moisture usc by dryland winter wheat will be characterized
and used to provide a basis for decisions on fertilization of winter
wheat with nitrogen. This information should result in increased

cfficiency of water use and greater returns for fertilizer invest-
ment.

SUFPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Kansas State University

2.0519, DEVELOPMENT OF A PRACTICAL METHOD OF
LOCATING AND TRACING SEEPAGFE WATER IN UNSTA-
BLE SLOFES

J.H. HAVENS, State Dept. of Highways, Frankfort, Kentucky

Recurrence of movement in slide areas during wet weather is
indicative of troublesome underground seepage which is often as-
sociated with stratified shales in side-hiil cuts and benched, side-
hill cmbankments. In order to c¢valuate such situations and to
methodically undertake corrective repairs, it is cssential that the
source of the scepage be located and diverted. A systematic in-
vestigation of cach slide would thus obviate trial-and-error
mcthods which are often expensive and disheartening. The pro-
ject is primarily a field study of existing slides. A procedure for
determiring the source of scepage water associated with unstable
slopes is being developed.

Work has been started to develop a technique of using an
clectrical resistivity methoed to locate and trace seepage water in a
landslide.

Preliminary indications are that four-probe resistivity data
may be uscd to trace water as well as geologic strata with only a
minimum of drill-hole date.

Reports Issued: Development of a practical method of locat-
ing and tracing scepage water in unstable slopes, R. C. Deen,
Status Report of Landslide Area on 1-75, Covington, Kentucky,

Highway Research Laboratory. Kentucky Dept. of Highways,
May 15, 1963,

Development of a practical method of locating and tracing
seepage water in unstable slopes, R. C. Deen, Part Ii, Status Re-
port on Landslide Area on 1-75, Covington, Kentucky, Highway

Research Laboratory, Kentucky Dept. of Highways, Aug. I,
1963.

SUPPORTED BY U.S. Dept. of Transportation - Pubilic Rds.
Kentucky State Government

2.0520,
AREAS
J.H. HAVENS, Statc Dept. of Highways, Frankfort, Kentucky

Extensive records are available in referznce to the rainfall ru~
noff relationships for the larger watersheds throughout the state.
However, little data are available in regard to these relationships
for the smaller watersheds. The major portion of expenditures for
drainage facilitics on most highway projects goes toward provi-
sion for drainage from the smaller areas. It is thus desirable to ob-
tain reliable rainfall-runoff relationships for the smalier arcas and
to develop a design criterion on the basis of thesc relationships.
Intensity-duration curves arc available for the entire state and,
with minor revisions to correct for the greater years of rccords
presently available, they should be incorporated into a criterion
developed as mentioned.

Reports Issued: Report No 1 on a study of runoff from smali
drainage arcas and the openings in attendant drainage siructures,
E.M. West and J.D. Cornell, Highiway Res. Lab., Ky. Dept. of
highways, April 1952. Rcport No 2 on a study of runoff from
small drainage areas and the openings in attendant drainage struc-
tures, E.M. West and W.H. Sammons Highway Res. Lab., Ky.
Dept. of Highways, July 1955,

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Kentucky State Government

STUDY OF RUNOFF FROM SMALL DRAINAGE

2.0521, PLANT SOIL MOISTURE ENVIRONMENT AND
ITS EFFECT ON WATER MOVEMENT INTO PLANT
ROOTS

C.T. HAAN, Univ, of Kentucky, Water Resources Institute, Lex-
ington, Kentucky 40506

Objectives of Research: 1. Develop a means of controlling
soil moisture so that plants can be grown at controlled levels of
soil moisture stress. 2, Develop a mathematical model of water
movement from the soil into the plant root.

Summary: Studies on water stress of plants have been ham-
pered by the lack of an adequate means of controlling the water
potential in soils within narrow limits at high values of moisture
tension. Part of the work of this project will be devoted to testing
several methods of overcoming this obstacle.

The sccond part of the project will be devoted to a study of
moisture movement through the soil into plant roots when the soif
moisture is controlled at several levels of moisture potential and
the aerial cnvironment of the plant is controlled at one level in a
growth chamber. A mathematical model of moisturc movement
into plant roots under these conditions will be developed and
tested.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Kentucky

2.0522, UNSTEADY FLOW TOWARD
PENETRATING ARTESIAN WELLS

Y.H. HUANG, Univ. of Kentucky, Water Resources Institute,
Lexington, Keniucky 40506

Current solutions for unstcady flow toward partially
penctrating artesian wells are based on many ideal assumptions.
Among these assumptions are that (a) the aquifer is clastic,
homogeneous, isotropic, horizontal in position, uniform in
thickness, and infinite in extent, (b) the well is of a small radius,
and (c) the discharge from the well does not vary with time. Since
actual field conditions may not fulfill the above assumptions,
thesc solutions may be of limited application.

The cbjectives of the proposed research are twofold: (a) to
develop a numerical procedure using a finite differcnce method
and a high speed computer for the analysis of unsteady flow
toward partially pcnetrating artesian wells so that solutions for
uses other than those ideally assumed can be obtained, and (b) to
construct a test model having the same dimensions as those as-
sumed in the theoretical analysis and check the validity of the
theory.

PARTIALLY

1-98

N S

o T S e S i

e BT

o It A




SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Kentucky

2.0523, COMPUTER ANALYSIS OF WATERSHED
CHARACTERISTICS AFFECTING FLOOD HYDROLOGY
L.D. JAMES, Univ. of Kentucky, School of Engineering, Lexing-
ton, Kentucky 40506

A computer program known as the Stanford Watershed
Model has been developed for generating long term strecamflow
values from rainfall records and parameters describing watcrshed
characteristics as determined by a trial and error process of ad-
justment to match short term streamflow records. The rescarch
plan is to 1. Program a computerized procedure for finding the
best value for these parameters from the standpoint of flood anal-
ysis. 2. Apply the procedure to a number of small watersheds to
scc how the sclected values vary and to develop relationships ex-
pressing flood pcaks and volumes as functions of these parame-
ters. 3. Apply the results to a computer program previously
developed by the principal investigator for determining by
cconomic efficiency criteria the best combination of structural
and nonstructural mecasures for flood control to analyze how this
best combination varies with these watershed parameters.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Kentucky

2.0524, CRITERIA FOR EVALUATION AND FUNC-
TIONAL DESIGN OF IRRIGATION SYSTEMS
J.T. LIGON, Univ. of Kentucky, Agricultural Experiment Sta. ,
Lexington, Kentucky 40506

l. To determine the effects of moisture stress on the rate of
growth, development, final yield and quality of certain potentially
irrigable crops. 2. To determine the soil moisture withdrawal pat-
terns for certain potentially irrigable crops. 3. To determine the
water intake rates of typical Kentucky soils and their relationships
to other measurable physical quantities. 4. To determine from cli-
matological data the frequency of occurrence of various levels of
soil moisture deficiency during the growing scason in Kentucky.

Emphasis will be placed on the acquisition and analysis of
basic data pertaining to the interactions between water, soil, cli-
mate, and plants as rclated to supplement irrigation. The overall
objective is to develop dependable criteria for the cvaluation of
irrigation nceds and the functional design of irrigation systems.

SUPPORTED BY U.S. Dept. of Agriculture
Kentucky State Government

2.0525, CAPILLARY-DIFFUSION AND SELF-DIFFUSION
OF LIQUID WATER IN UNSATURATED SOIL

R.E. PHILLIPS, Univ. of Kentucky, School of Agriculture, Lex-
ington, Kentucky 40506

Objectives of the Project: 1. To cvaluate the cffect of soil
water -ontent, clay type, and clay content upon the capillary-dif-
fusion and self-diffusion of liquid water in unsaturated soil. 2. To
attempt to cstablish a functional relationship between capillary-
diffusion and sclf-diffusion of liquid water in unsaturated soil.

Summary: The movement of liquid water within the unsatu-
rated soil is a key mechanism in the process of evapo-transpira-
tioii. Evapo- transpiration, in turn, is an important controlling fac-
tor in the hydrologic cycle. At the present time, our knowledge of
the mechanics of soil water movement in unsaturated soils and
the factors controlling it is of a qualitative nature rather than of a
quantitative nature.

In this study the movement of water in unsaturated soils and
some of the basic soil properties affecting soil water movement
will be studied. The movement of water within the soil mass is the
initial step in the process of evapo-transpiration. Both capillary-
diffusion coefficients and self-diffusion coefficients will be mea-
sured to characterize soil water movement. The measurcment and
understanding of capillary-diffusion cocfficients, especially with
reference to the mobility of the water molecule as affected by soil
properties. In the past, the interpretation and prediction of soil
water movement in unsaturated soil has been based upon capilla-
ry-diffusion coefficients.

2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Kentucky

2.0526, DIFFUSION OF WATER AND IONS IN SOIL
R.E. PHILLIPS, Univ. of Kentucky, Agricultural Experiment Sta,
, Lexington, Kentucky 40506

I. To determine the cffect of physical, mineralogical, and
chemical properties of soils on the self diffusion of water and
plant nutrient ions in soils. 2. To investigate intzractions which
are likely to exist between particular physical, mineralogical, and
chemical properties of soils when cither water or plant nutrient
ions are diffusing in soil. 3. To compare the magnitude of molecu-
lar-self diffusion coefficients of water in soil to the diffusion coef-
ficients of water defined as the product of capillary conductivity
and the rate of change of soil water tension with soil water con-
tent.

Diftusion coefficients of water and plant nutrient ions as af-
fected by soil properties will be evaluated. Soil properties to be
studied include: soil water content, clay mineralogy, soil texture,
soil compaction, soil temperature. organic matter content, and
cation population. Interactions existing between these soil pro-
perties when cither water or ions are diffusing will be cvaluated.
Both molecular- diffusion cocfficients and capillary potential
gradient-diffusion coefficients of water in soil will be measured.

SUPPORTED BY U.S. Dept. of Agriculture
Kentucky State Government

2.0527, HYDROLOGY OF BURIED PENNSYLVANIAN
CHANNEL SANDSTONE, KENTUCKY

R.W. DAVIS, U.S. Dept. of Interior, Water Resources Division,
Louisville, Kentucky

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Kentucky.

Purpose: To obtain adequate information on the geohydrolo-
gy of the deeply buried basal Pennsylvanian channel sandstones
and the relation of deep fresh water to saline water in the Western
Coal Field area to guide future development and proper manuge-
ment of water resources.

Method: Detailed information on the geology and hydrology
of the channel sandstones will be obtained by inventory of cur-
rently available sources, such as existing water and oil wells, coal-
test holes, and geologic maps. The trend, distribution, and volume
of the channel sandstones will be presented on maps, fence dia-
grams, and sections. The movement of ground water through the
sandstones will be documented by means of water-level informa-
tion, pumping tests, and stremflow measurements. The relation-
ship of large-yielding wells to the occurrence of the sandstone and
channel geometry will be analyzed. Water samples will be col-
lected to delineate the areas of fresh water and periodic sampling
will be made near centers of pumping to document cffects of
pumping on quality.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Kentucky State Government

2.0528, WATER RESOURCES OF THE BOWLING GREEN
AREA, KENTUCKY

T.W. LAMBERT, U.S. Dept. of Interior, Water Resources Divi-
sion, Louisville, Kentucky

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Kentucky.

Purpose: To provide information on the quantity and quality
of the water in the Bowling Green area for use in planning addi-
tional industrial development.

Methods: Detailed information on ground-water sources will
be collected with particular emphasis on delineating the areas of
potentially high yield. The investigation will include a study of the
underground flow patterns and potential sources of contamina-
tion. Information on water quality of streams and aquifers will be
collected and changes in water quality monitored. The relation-
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2. WATER CYCLE

ship between ground water and water in streams is particularly
significant because of large base flows and recurrent flooding of
large solution channels by high river stages. Partial-record sta-
tions will be operated on tributary streams for correlation of
record with the gaging and water- quality station on Barren River
at Bowling Green.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Kentucky State Government

2.0529, A DETAILED STUDY OF THE ENERGY FLOW
THROUGH THE BIOTA OF DOE RUN, MEADE COUNTY,
KENTUCKY

L.A. KRUMHOLZ, Univ. of Louisville, Graduate School,
Louisville, Kentucky 40208 (AT(40-1)-3540)

Doe Run, a stream that arises as a torrent spring, has been
studied intensively since 1959. Background data indicate that the
uptake of fission products from nuclear fallout was quite prompt
following the Russian and American tests that began in 1961.
That accumuiation reached a maximum by 1964 and by the
summer of 1966 the amounts in the biota had returned essentially
to the 1960 levels. On the basis of these background data it was
proposed to try to define the pathways of accumulation of
radioisotopes of biologically importan. fission products and their
possible relationships to energy flow through the stream
ecosystem.

As a part of this study, Doe Run has been inoculated with
cesium 134 three times: 10 mc on 17 December 1966, 25 mc on
17 June 1967, and 25 mc on 16 December 1967. Physical charac-
teristics of the stream were different during cach inoculation, and
data on stream flow indicate that at low discharge (ca 20 cfs, June
1967) the *slug' of cesium moved very slowly and became greatly
clongated as it passed downstream, whereas at high discharge (ca
85 cfs, December 1967) the slug moved quite rapidly and
remained quite compact.

Calorific values of various plants remained constant
throughout the year, but there was a gradual marked decline in
calorific values of some amphipods. Data on respiration indicate
that oxygen consumption by some stream invertebrates fluctuates
with no seasonal pattern or relationship to inoculation of the
stream. Samller individuals of each species consume oxygen at
relatively higher rates than larger individuals of the same species.

SUPPORTED BY U.S. Atomic Energy Commission

2.0530, GEOCHEMISTRY OF AQUIFERS AS AFFECTED,
OR POTENTIALLY AFFECTED BY OFFTAKE OR ARTIFI-
CIAL RECHARGE
G.K. BILLINGS, Louisiana State University, Graduate School,
Baton Rouge, Louisiana 70803

It is proposed to determine the chemical parameters signifi-
cant to such cxisting problems as: a) salt water encroachment; b)
river water encroachment; and c) injection water. Potentiometric
and atomic absorption methods will be used to determine the
variables. Analyses will be made on samples of precipitation, ru-
noff, and ground water at recharge, discharge, and potential mix-
ing sites. Analyses will be made of experimentally filtered water in
contact with proposed storage aquifers and of aquifer solid
material. Data will be used in the examination of such problems as
watermass mixing, rock-water equilibrium, and potential altera-
tion of water quality by proposed engineering manipuiation of the
Baton Rouge water system. Infe mation gained is highly ex-
trapolatable to other Gulf Coast areas.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Louisiana State University

2.0531, RUNOFF OF SMALL WATERSHEDS
H.J. BRAND, Louisiana State University, Agricultural Experi-
men. Sta. , Baton Rouge, Louisiana 70803

A map will be prepared showing soil types and drainage pat
tern with gauging stations to be established and continuous
records kept of ail flow rates, as well as total rates. A complete
weather station will be maintained on the project to provide cor-
relatirg data. Soil moistures and different soil types, moisture in-

take, retention and crop moisture requirements will be deter-
mined.

SUPPORTED BY U.S. Dept. of Agriculture
Louisiana State Government

2.0532, EROSION CONTROL STUDY
A.L. COX, Louisiana State University, Agricultural Experiment
Sta. , Baton Rouge, Louisiana 70803

Present methods are being evaluated o0 develop new
methods and cquipment for establishment of a permanent sod
cover. Erosion control practices wure being developed for existing
highway drains and ditches and highway bank stabilization
methods that do not require top soil from adjacent agricultural
lands. Structures are installed at various locations to incorporate
soils, slopes and length of run in order to obtain detail information
on the amount of soil lost. To prevent erosion sod drains, slopes
and materials such as chemicals and mats are being installed. Soil
and water loss are being studied to determine the correct slope
and length of ditches for various soils. An attempt is being made
to evaluate sodded, asphalt paved, concrete paved and other
types of waterway to cstablish the best type under different condi-
ticns. Recommendations will be made to the Louisiana highway

department for the revision of crosion control and sod establish-
ment practices.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Louisiana State Government

2.0533, ROW CROP IRRIGATION IN NORTHWEST
LOUISIANA - COTTON IRKIGATION
J.W. ROBBINS, Louisiana State University, Agricultural Experi-
ment Sta. , Baton Rouge, Louisiana 70803
1. To determine crop response to irrigation in Northwest La.
2. To determine evapotransporation rate of the crops irrigated.
Will continue test plois on irrigated and non-irrigated cotton
for yield study and continue study of evapotranspiration of cotton
in this area. .

SUPPORTED BY Louisiana State Government

§.0534, ROW CROP IRRIGATION IN NORTHEAST LOUI-
TIANA

J.W. ROBBINS, Louisiana State University, Agricultural Experi-
ment Sta. , Baton Rouge, Louisiana 70803

To determine the following concerning cotton and corn
under irrigation in northeast Louisiana: 1. Economics of row crop
irrigation. 2. Evapotranspiration rates. 3. Optimum plant popula-
tion.

Continue study of yield data of different varieties of cotton in
the Macon Ridge area. This includes land forming plots for fur-
row irrigation study, selection of varieties for testing and continu-
ing study of evapotranspiration in the cotton area. Revise project
after this year.

SUPPORTED BY Louisiana State Government

2.0535, BAYOU LAFOURCHE SEDIMENTATION STUDY,
LOUISIANA
W.H. BOYLE, U.S. Dept. of Interior, Water Resources Division,
Baton Rouge, Louisiana

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Louisiana.

Purpose: To determine the rate of sedimentation and the
resulting channel characteristics such as size, shape, and slope.

Methods: A quantitative analysis of data collected by the U.
S. Geological Survey and other agencies since 1955 will be in-
itiated so that an estimate of the amount of sediment coming into
the bayou can be made. This estimate will be compared to an
amount derived by using a gamma probe at 18 cross-sections
within the study reach by which the density of the sediment at
each cross-section is obtained. Finally a prediction of the stabil-
ized channel will be made for the bayou within the study reach.
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SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Louisiana State Government

2.0536, GEOLOGIC STRUCTURE AND FRESH GROUND
WATER IN GULF COASTAL PLAIN
P.H. JONES, U.S, Dept. of Interior, Geological Survey, Baton
Rouge, Louisiana

Major clements of structural deformation in the Gulf Coast
Plain that have marked effect on deposits of post-Oligocene age
will be identified and mapped at a suitable scale, together with the
distribution (arcally and with depth) of fresh and saline waters in
aquifer systems affected by the deformation. The relative im-
portance of individual structural features, together with com-
panion features (e.g.. regiona! normal faults and associated salt
domes) will be evaluated using this map, and key structures in the
Plain will be selected for intensive study. These type studies will
involve all geologic and hydrologic factors for which data can be
obtained, and each will be completed with a separate report. Con-
cepts derived and analytical methods developed in the type stu-
dies will be employed in a comprehensive analysis of conditions
throughout the Plains, The report on this work will include struc-
tural maps for entire acquifer systems and flow nets for principal
aquifers; it will show the lccus and hydraulic controls on salty
water in proximity to fresh-water systems, and define, as well as
may be possible, the probable consequences of changes in
direction of flow and gradient in head in aquifer systems sub-
jected to heavy withdrawal in the future.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0537, FLOODS IN NORTH LOUISIANA - RAINFALL-
RUNOFF RELATIONSHIPS

F.N. LEE, U.S. Dept. of Interior, Water Resources Division,
Baton Rouge, Louisiana

This rescarch is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Louisiana,

Purpose: To determine the relationship between rainfall and
runoff in northern Louisiana as a part of a program to provide
statewide coverage.

Methods: Regressions will be made from rainfall-runoff data
computed at 34 gaging stations. Approximately 1700 storms will
be analyzed, and the regressions regionalized.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Louisiana State Government

2.0538, GEOHYDROLOGIC ENVIRONMENTAL STUDIJZS
J.N. PAYNE, U S. Dept. of Interior, Water Resources Division,
Baton Rouge, Louisiana

A study of the Cockfield Formation is being carried on in Ar-
kansas, Louisiana,Mississippi, and Texas to determine the rela-
tionship of hydrologic factors to various geologic factors such as
facies development, degree of variability of the formation
laterally and vertically, and the unit thickness of individual sand
members. Ultimately various geologic parameters can be used in
conjunction with the hydraulic constants of the aquifers to
describe the hydraulic systems quantitatively. In order to accom-
plish the objective, maps have been and are being prepared to
show sand percentage, thickness of the Cockfield Formation,
maximum sand unit thickness, degree of fresh water saturation of
the sand section, total transmissibility of the fresh water sand sec-
tion, the altitude of the base of fresh water and quality of water.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2,059, UNIT HYDROGRAPHS FOR SOUTHWESTERN
LOUISIANA
V.B. SAUER, U.S. Dept. of Interior, Water Resources Division,
Baton Rouge, Louisiana

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the 5tate of Louisiana.

2. WATER CYCLE

Purpose: This study is part of a program to provide statewide
coverage of unit hydrographs.

Methods: Unit hydrographs will be developed for cach site
where gaging station records ‘ve available in the study area.
About 200 flood hydrographs + " be studied. Data will be re-
gionalized for use at ungaged sites,

SUPPORTED BY U.S. Dept. of Intericr - Geological Survey
Louisiana State Government

2.0540, UNIT HYDROGRAPHS FOR NORTHERN LOUI-
SIANA

V.B. SAUER, U.S. Dept. of Interior, Water Resources Division,
Baton Rouge, Louisiana

This rescarch is part of the program of water resources in-
vestigations conducted by the U, S. Geological Survey in coopera-
tion with the State of Louisiana,

Purpose: This study is part of a program to provide stat “vide
coverage of unit hydrographs.

Methods: Unit hydrographs will be developed for cach site
where gaging station records are available in the study area.
About 200 flood hydrographs will be studied. Data will be re-
gionalized for use at ungaged sites.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Louisiana State Government

2.0541, FLOOD FREQUENCY OF SMALL STREAMS IN
LOUISIANA

UNKNOWN, U.S. Dept. of Interior, Geolegical Survey, Baton
Rouge, Louisiana

This research proposal is to obtain and analyze hydrologic

data which can be used in the hydrologic design of highway
drainage structures. More specifically, to determine the mag-
nitude and frequency of floods for drainage areas requiring cul-
verts in Louisiana. Project will consist of 75 flood hydrograph
recording stations. These gages will be installed within a three
year period. The gages will be located throughout the state so that
many different parameters will be sampled. In addition to flood
hydrographs, information will be obtained on amount and dis-
tribution of rainfall, land use, basin slopc and stream slope. The
gaging cquipment will consist of rainfall and stage /RS/ recorders
and creststage gages upstream and downstream at eachsite,

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Louisiana State Government

2.0542, ECOLOGY OF LOUISIANAS ESTUARINE
WATERS - MARINE LABORATRY
J.G. BROOM, State Wildlife & Fish Comm. , New Orleans, Loui-
siana

This project area incorporates all six of the previous
described phase areas, namely coastal Louisiana. Here, the pro-
ject leader will compile, analyze and interpret the data.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish,
Louisiana State Government

2.0543, LAKEBORGNE-CHANDELEUR SOUND SYSTEM
J.G. BROOM, State Wildlife & Fish Comm. , New Orleans, Loui-
siana

Objectives; 1. Determine the distribution and density of the
fauna of the phase area. 2. Determine the hydrography of the
phase area. 3, Process the data.

Procedures and Work Schedule; 1. Weekly plankton sam-
pling in the major passes and throughout the system with a 6-foot
bean plankton net. 2. Weekly sampling throughout the major
nursery areas with a 6-foot 1/4* mesh trawl. 3. Bi-weekly sampling
throughout the major nursery and near off-shore areas with
trawls. 4. Bi-weekly seine sampling at selected sites. 5. Monthly
benthic sampling at selected sites. 6. Coliection of selected hydro-
graphic information at each sample station and continuous
recordings of salinity temperature and tidal movements at
selected stations. 7. The processing, tabulating and summarizing
of collections and raw data which are to be transmitted to the pro-
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2. WATER CYCLE

ject leader at the marine laboratory for compilation, analysis and
interpretation,

SUPPORTED BY U.S. Dept. of Interior - 3u. Comm. Fish.
Louisiana State Government

2.0544, BRETOM SOUND -
RIVER SYSTEM

J.G. BROOM, State Wildlife & Fish Comm. , New Orleans, Loui-
siana

Objectives: 1. Determine the distribution and density of the
fauna of the phase arca. 2. Determine the hydrography of the
phase arca. 3. Process the data.

Procedures and Work Schedule: 1. Weekly plankton sam-
pling in the major passes and throughout the system with a 6-foot
becam plankton net. 2. Weekly sampling throughout the major
nursery arcas with a 6- foot 1/4‘ mesh trawl. 3. Bi-weekly sam-
pling throughout the major nursery and ncar off-shore areas with
trawl. 4. Bi-weekly scine sampling at sclected sites. 5. Monthly
benthic sampling at selected sites. 6. Collection of sclected dydro-
graphic information at cach sample station and continuous
recordings  of salinity, temperature and tidal movements at
sclected stations. 7. The processing tabulating and summarizing
of collections and raw data which are to be transmitted to the pro-
ject leader at the marine laboratory for compilations, analysis and
interpretation.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish,
Louisiana State Government

MOUTH OF MISSISSIPPI

2.0545,
SYSTEM
J.G. BROOM, State Wildlife & Fish Comm. , New Orleans, Loui-
siana

Objectives - 1. Determine the distribution and der-ity of the
fauna of the phasc arca, 2. Determine the hydrograp. y of the
phase area. 3. Process the data.

Procedures and Work Schedule: 1. Weekly plankton sam-
pling in the major passes and throughout the system with a 6-foot
beam plankton net. 2. Weekly sampling throughout the major
nursery arcas with a 6-foot 1/4‘ mesh trawl. 3. Bi-weekly sampling
throughout the major nursery and near oft-shore areas with
trawls. 4, Bi-weekly seine sampling at sclected sites. 5. Monthly
benthic sampling at sclected sites. 6. Collection of selected hydro-
graphic information at cach sample station and continuous
recordings of salinity temperature and tidal movements at
sclected stations. 7. The processing, tabulating and summarizing
of collections and raw data which arc to be transmitted to the pro-
ject leader at the marine laboratory for compilations, analysis and
interpretation.

SUPPORTED BY U.S. Dept. of Interior - Bu, Comm. Fish.
Louisiana State Government

ATCHAFALAYA RIVER - CALLIOU LAKE

2.0546, VERMILION - CALCASIEU - SABINE SYSTEM
J.G. BROOM, State Wildlife & Fish Comm. , New Orleans, Loui-
siana

Objectives: 1. Determine the distribution and density of the
fauna of the phase arca. 2. Determine the hydrography of the
phasc area. 3. Process the data.

Procedures and Work Schedule: 1. Weekly plankton sam-
pling in the major passes and throughout the system with a 6-foot
beam plankton net. 2. Weekly sampling throughout the major
nursery areas with a 6-foot 1/4° mesh trawl. 3. Bi-weekly sampling
throughout the major nursery and ncar off-shore areas with
trawls. 4. Bi-weekly sampling at selected sites. 5. Monthly benthic
sampling at selected sites. 6. Collection of selected hydrographic
information at cach sample station and continuous hydrographic
information at each sample station and continuous recordings of
salinity temperature and tidal movements at selected stations. 7.
The processing, tabulating and sumarizing of collections and raw
data which are to be transmitted to the project leader at the
marine laboratory for compilations, analysis and interpretation.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm, Fish,
Louisiana State Government

2.0547, TIMBALIER - TERREBONNE BAYS SYSTEM
J.GG. BROOM, Statc Wildlife & Fish Comm. , New Orleans, Loui-
siana

Objectives: 1. Determine the distribution and density of the
fauna «f the phasc area. 2. Determine the hydrography of the
phase area. 3. Process the data.

Procedures and Work Schedule; 1, Weckly plankton sam-
pling in the major passes and throughout the system with a 6-foot
beam plankton nct. 2. Weekly sampling throughout the major
nursery areas with a 6-foot 1/4‘ mesh trawl, 3. Bi-weekly sampling
throughout the major nursery and near off-shore areas with
trawls. 4. Bi-weekly scine sampling at sclected sites. 5. Monthly
benthic sampling at selected sites, 6. Collection of selected hydro-
graphic information at cach sample station and continuous
recordings of salinity temperature and tidal movements at
selected stations, 7. The processing, tabulating and summarizing
of collections and raw data which are to be transmitted to the pro-
ject leader at the marine laboratory for compilations, analysis and
interpretation,

SUPPORTED BY U.S. Dept. of Interior - Bu, Comm. Fish.
Louisiana State Government

2.0548, CHEMICAL AND PHYSICAL ANALYSES OF
WATER AND SOILS

K.E. LANTZ, State Wildlife & Fish Comm. , New Orleans, Loui-
siana

Objectives: 1. To determine physical and chemical charac-
teristics of water in the four lakes prior to fiuctuation, during the
water level changes and following fluctuation when water levels
return to normal. 2. To determine chemical conditions of bottom
muds in the four lakes prior to water fluctuation and chemical
con'dictlions in the soils exposed to aeration during the drawdown
period.

Procedure: Water chemistries will include turbidity, dis-
solved oxygen, free carbon dioxide, pH, alkalinity, hardness,
sulfate, iron, copper, manganese, phosphate, ammonium
nitrogen, nitrate nitrogen and nitrite nitrogen. These measure-
ments will be made with a Hach Direct Reading Colorimeter.
Sampling will be monthly in the spring prior to fluctuation,
monthly during the water level changes, and monthly in the
winter when water levels return to normal, ‘

Soil samples will be collected at the same time as water sam-
ples and dried for measurement for pH, phosphorus, potassium,
magnesium, calcium and total soluble salts. Analyses will be con-
ducted by the Soils Testing Laboratory at Louisiana State Univer-
sity. A Coleman Flame photometer, Beckman atomic absorption
spectrophotometer, and Bausch and Lomb Spectronic 20
Colorimeter will be used to analyze these bottom muds.

SUPPORTED BY U.S. Dept. of Interior - Bu. Spert Fish.
Louisiana State Governmant

2.0549, HYDROLOGIC STUDIES (STORM STUDIES)
R.L. DALLAS, U.S. Army, Engineer District, New Orleans, Loui-
siana 70160

There are 7 Part I and 12 Part Il studies to be completed.
Results of Storm Studies are summarized and published by office
of the Chief of Engineers as ‘Storm Rainfzll of the United States,'
and distributed to U. S. Army Engineer Divisions and Districts for
pertinency to basic design criteria for flood control and other pro-
jects,

SUPPORTED BY U.S. Dept. of Defense - Army

2.0550, MOISTURE RESPONSE OF SOILS
H.K. HUCKABAY, Louisiana Polytechnic Inst. , School «{ En-
gineering, Ruston, Louisiana 71270

An apparatus is to be developed which will be sufficiently ac-
curate to measure the capillary potential of various representative
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Louisiana soils but not so fragile or ponderous as to make it im-
practical for field use. In development of the apparatus, the litera-
ture will be searched and various proposed designs considered.
These will be modified or discarded in the light of current instru-
mentation techniques, thermodynamics, and rate process theory.
Preliminary designs will be constructed, tested, and discazded or
modified. This screening of alternate designs may require the
preparation of some type of artificial reference soil. In any case,
the criteria of performance wiil be: (1) Reproducability of read-
ing, (2) Portability, (3) Durability, (4) Rapidity of reading, and
(5) Low cost. It is anticipated that the final design will be the op-
timum combination of these factors.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Louisiana State Government

2.0551, URBAN HYDROLOGIC STUDIES

UNKNOWN, Louisiana Polytechnic Inst. , Graduate School,
Ruston, Louisiana 71270

Current methods for estimating peak runoff rates for design

of urban area drainage structures in Louisiana are being im-
proved. Instrumentation is being developed for automatic record-
ing of rainfall and runoff data from urban drainage areas and for
transferring the recorded data for digital computer analysis.

SUPPORTED BY- U.S. Dept. of Transportation - Public Rds.
Louisiana State Government

2.0552, HYDROLOGIC RELATIONSHIPS IN A
CONIFEROUS FOREST

C.E. SCHOMAKER, Univ. of Maine, Graduate School, Orono,
Maine 04473

This investigation proposes to study the water budget of a
coniferous forest in central Maine, taking particular note of
evapotranspiration losses and changes in ground water storage in
relation to the quantity of incoming precipitation.

Environmental measuring instruments will be located in a
mature conifer stand with normal stocking. Ground water wells
will be drilled and soil moisture measurements made throughout
the year. Precipitation will be traced from the time of its inception
until it appears in the ground water or is lost from the area by
evaporation or runoff.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Maine

2.0553, EFFECTS OF COARSE SKELETON ON PHYSI-
CAL PROPERTIES OF SOIL

R.A. STRUCHTEMEYER, Univ. of Maine, Agricultural Experi-
ment Sta. , Orono, Maine 04473

Description of Work: Runoff plots will be installed on a
caribou loam in Aroostook County. All plots have a uniform eight
per cent slope.

Soil treatments will consist of leaving the soil in its natural
condition, removing rocks over 1 1/2 inches in diameter and
rci-moving rocks but then crushing them and returning them to the
plots.

Measurements will be made of the amount of runoff and soil
removal. Bulk density and penetrometer measurements will also
be made throughout the season.

SUPPORTED BY U.S. Dept. of Agriculture
Maine State Government

2.0554, URBAN HYDROL.QOGIC RELATIONSHIPS
W. VIESSMAN, Univ. of Maine, Graduate School, Orono, Maine
04473

This project is designed to provide more adequate
procedures for predicting, in a reliable manner, the complete ru-
noff hydrograph for urban drainage areas of varying physical
characteristics. Effective rainflall inputs specified as a sequence
of average one minute intensities will be used to generate the out-
put hydrograph. Research on timing of urban hydrologic events is
also included.
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SUPPORTED BY U.S. Dept. of Interior - O, Water Res. Rch
University of Maine

2.0555, STUDIES OF NEAR-SURFACE SEDIMENTS IN
LAKES, AND RELATIONSHIPS BETWEEN SURFACE SEDI-
MENT POLLEN SPECTRA AND VEGETATION

R.B. DAVIS, Colby College, Undergraduate School, Waterville,
Maine 04901

From the time of release of pollen from plants to the time the
grains become deeply buried in sediments numerous processes
occur which determine the ‘final’ pollen representation in the
sediments. Understanding these processes is essential if the
capucity of pollen analysis to provide paleoecological information
is to be greatly extended.

It is proposed to continue investigation of phenomena taking
place in the surface and near-surface sediments of lakes, and to
continue work on the relationships between vegetation and pollen
spectra, viz: A. Pollen stratigraphy in near-surface sediments,
especially vertical displacement of sediments by benthos, labora-
tory and field experiments; construction of new corer and as-
sociated equipment. B. Differential destruction of pollen in sedi-
ments, including pollen breakage by various taxa of benthos,
laboratory and field experiments; relationship of limnological
conditions to pollen destruction. C. Comparisons of surface pol-
len spectra and vegetation along transects crossing vegetational
‘zones,’ and within single vegetational types for study of variation
in spectra and related pollen dispersal phenomena; New England
and Maritime Provinces of Canada.

SUPPORTED BY U.S. National Science Foundation

2.0556, THE BIOLOGY AND CHEMISTRY OF TRACE
ELEMENTS IN MARINE AND ESTUARINE WATERS

W.R. TAYLOR, Johns Hopkins University, Graduate School, An-
napolis, Maryland (AT(30-1)-3497)

The objective of the project is to clarify the biogeochemical
cycles of trace elements through the initial trophic levels of the
Chesapeake Bay. Both biological and chemical samples have
been collected in the major river entering the upper Chesapeake
Bay and a series of stations in the Bay. Chemical analyses are
done by atomic absorption spectrophotometry. Both phytoplank-
ton and zooplankton organisms are being surveyed quantitatively
for spatial and time distribution patterns.

The chemical sampling program is nearly complete. Analyses
for iron, manganese, ccpper, nickel, zinc and cobalt have been
partially completed. The trace metal requirements of represcnta-
tive phytoplankton organisms are being investigated. An iron
requirement has been found for five algae. Cladocerans appear to
be a major component of the zooplankton.

SUPPORTED BY U.S. Atomic Energy Commission

2.0557, SUSPENDED SEDIMENTS IN THE UPPER CHES-
APEAKE BAY - EVALUATION OF METHODS FOR SIZE
ANALYSIS OF SUSPENDED MATERIALS
J.H. MANNING, State Dept. of Ches. Bay Afrs. , Annapolis,
Maryland

The objective of this study is to determine the method or
combination of methods which provides the most consistent data
on the size distribution of the suspended material in the Upper
Chesapeake Bay, for use as a routine procedure. Large volume
samples from the Upper Bay will be divided into several sub-sam-
ples. One sub-sample will be spun down in an ultra-centrifuge,
and the sediment homogeneously resuspended in a reduced
volume. Size distribution will be determined using the homogene-
ous technique in the Mine Safety Appliances Company’s Particle
Size Analyzer. A second sub-sample will be filtered through a 0.2
micron filter, the filter dissolved in acetone, and the sediments
resuspended in the acetone. Size distribution of this resuspension
will be determined using the layer technique. A third sub-sample
will be filtered through a 3 micron membrane filter, and then
through an 0.2 micron filter, in order to provide gross size separa-
tion. Microphotographs of the large filter, and both microphoto-
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graphs and clectron-micro-photographs of the smaller filter will
be made. A Zeiss Particle Size Analyzer will be used to obtain size
distribution. Variations of cach of the above techniques will be
used in which the suspended organic fraction is climinated from
the raw sample by wet incineration. This study will be carried out
by J. R, Schubel, Chesapcake Bay Institute, The Johns Hopkins
University.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish,
Maryland State Government

2.0558, FIELD MEASUREMENTS OF THE TEMPORAL
AND SPATIAL VARIATIONS IN CONCENTRATION AND
PARTICLE SIZE DISTRIBUTION OF SUSPENDED MATERI-
ALS IN THE UPPER
J.H. MANNING, State Dept. of Ches. Bay Afrs. , Annapolis,
Maryland

The objectives of this study are to determine the temporal
and spatial variations in (1) the concentration; (2) particle size
distribution; (3) percent organic matter; and (4) minceralogical
composition of inorganic fraction. Samples will be collected at
the surface, mid-depth and ncar the bottom at cach of 31 stations
in the Upper Chesapeake Bay from the mouth of the Susquehan-
na at Havre de Grace to just below Pooles Island, on a monthly
basis. Total weight of suspended material per unit volume, and
weight of inorganic fraction will be determined. Size distribution
of the suspended material wii} be determined using the methods
sclected on the basis of the cvaluation study conducted under
another phase of this project. Work will also be initiated on
mincralogical analysis of the inorganic fraction, although the
major cffort on this part of the program will be undertaken during
the sccond year of the study. Field werk will be carried out
aboard the rescarch vessels MAURY and LYDIA LOUISEI, of
the Cesapcake Bay Institute, The Johns Hopkins University. The
study will be conducted by J. R. Schubel, Chesapeake Bay In-
stitute, The Johns Hopkins University.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Maryland State Government

2.0559, COMPARISON OF OPTICAL PROPERTIES WITH
DIRECT MEASUREMENTS OF CONCENTRATION AND
SIZE DISTRIBUTION OF SUSPENDED MATERIALS
J.H. MANNING, State Dept. of Ches. Bay Afrs. , Annapolis,
Maryland

The objective of this study is to determine the relationships
between various optical properties of the waters of the Upper
Chesapceake Bay and the concentration and size distribution of
suspended materials in these waters. At cach of 31 stations in the
Upper Bay samples will be collected at three depths and at
monthly intervals for determination of suspended particle con-
centration and size distribution, as described under another phase
of this project. Duplicate samples will also be employed for light
transmission and scattering measurcments at cach of three wave
lengths. Scattering measurcments will be made at 90o to the light
beam path using a Turner filter fluorometer. Beam transmittance
measurements will be made using a Beckman DU spec-
trophotometer with a special narrow bcam columnation at-
tachment. In situ measurements of beam transmittance will also
be made. These optical measurements will be compared with the
determinations of suspended particle concentration and size dis-
tribution, with the intent of cstablishing a relationship between
the optical parameters and the suspended particle concentration
and size distribution. This study will be conducted by J. Williams,
J. R. Schubel, and D. W. Pritchard, Chesapeake Bay Institute,
The Johns Hopkins University.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Maryland State Government

2.0560, COLLECTION OF HYDROLOGIC DATA OF

SMALL DRAINAGE AREAS

FORREST, Statc Roads Commission, Annapolis, Maryland
Storm water runoff from small drainage arcas is a rather

troublesome problem in most highway design offices. The objcc-

tive of this projcct is to provide highway drainage designers with
rcliable runoff information as affected by various hydrologic
arcas of this state and size of arca. The work is under the direction
of U.S. Geological Survey and results will be based on statistical
studies of obscrved rainfall and runoff data.,

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Maryland State Government

2.0561, AQUIFER STUDIES IN MARYLAND - SEDIMEN-
TARY ROCKS IN THE COASTAL PLAIN
H.H. HANSEN, Johns Hopkins University, State Geological Sur-
vey, Baltimore, Maryland 21218

A better understanding of the geohydrology of the aquifers in
the Patapsco and Raritan Formations in the Maryland Coastal
Plain is nceded for intelligent water-management decisions in al-
locating ground water. The naturc of the aquifers and their sedi-
mentary cnvironment will be studied and a report will be
prepared to show the stratigraphic and hydrologic relationships
by means of cross scctions, lithofacies maps, isopach maps, and
other illustrations.

SUPPORTED BY Maryland State Government
U.S. Dept. of Interior - Geological Survey

2.0562,
RIVERS
S.CG. HEIDEL, Johns Hopkins University, State Geological Sur-
vey, Baltimore, Maryland 21218

The tidal areas of Maryland’s rivers represent large volumes
of water that have been proposed for and may be useful for
domestic and industrial water supply. The boundary zone
between brackish and fresh water must be delineated for max-
imum utilization. The approach used is to make salinity runs on
the tidal rivers, and use field observations at principal points sup-
plemented by installation of continuous conductivity recorders to
locate the saline water front at varying tide conditions and dif-
ferent seasons.

SUPPORTED BY Maryland State Governmenit
U.S. Dept. of Interior - Geological Survey

EXTENT OF BRACKISH WATER IN TIDAL

2.0563, PHYSIOGRAPHIC STUDY OF PART OF THE
HENRY MOUTAINS REGION, UTAH

C.B. HUNT, Johns Hopkins University, Graduate School, Bal-
timore, Marviand 21218

The Principal Investigator plans to complete research, sup-
ported under NSF grant GA-454, on the physiography of the
Henry Mountains, Utah, Principal objectives of the research are:
to determine relationships between the bedrock geology, kinds
and rates of weathering and of soil development, kinds and rates
of fluvial processes, effects of these on plant distribution, and
archeological evidence for dating changes and estimating rates in
geomorphic processes. The investigations will center largely on a
small part of the Henry Mountain area, cspecially the north and
cast sides of Mount Ellen and the pedimented foothills north and
cast of that mountain.

The high relief of the Henry Mountains provides contrasting
climatic zones for comparison of weathering feat. -~ and
development of pediments, terraces and other landform features.
In the continuing research emphasis will be plac:d on understand-
ing geomorphic processes and testing of concepts of landform
development, particularly as related to crosion and deposition by
streams. It is hoped that datable archeological remains in some
deposits will give a basis for determining ahsolute rates of deposi-
tion, and formation of landforms. In addition, it is hoped that in-
formation relative to the water budget, distribution of acquifers,
and other factors important in potential land-use development
will emerge from the research.

SUPPORTED BY U.S. National Science Foundation

2.0564, EVALUATION OF MAGOTHY AQUIFER - AN-
NAPOLIS AREA :
F.K. MACK, Johns Hopkins University, State Geological Survey,
Baltimore, Maryland 21218
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The City of Annapolis, Md. and other users pump from3to5
million gallons of water per day from the Raritan and Magothy
Formations in the Annapolis area. Because the demand for water
is expected to increase substantially in the next 10 years further
information is needed on the quantity of water available, the pos-
sibility of salt water contamination, aud the optimum develop-
ment of the supply. To provide this information it is proposed to:
1. Prepare cross-sections showing the geologic framework and
local variations in the aquifer. 2, Prepare piezometric maps on a
periodic basis. 3. Construct an electric analog model for analyzing
the behavior of the hydrologic system, 4. Make studies of
geochemical characteristics of the water,

SUPPORTED BY Maryland State Government
U.S. Dept. of Interior - Geological Survey

2.0565,
STREAMS
K.R. TAYLOR, Johns Hopkins University, State Geological Sur-
vey, Baltimore, Maryland 21218

The objective of this project is to provide water users with a
time-of-travel guide to let thern know when possible contaminants
will reach their intakes, how long such contaminants will persist
and at what levels of concentration if such contaminants are
discharged accidentally into a stream. To cbtain the timne-of-
travel data a fluorescent dye is put in selected streams, and the
time of arrival measured for the leading cdge, the maximum con-
centration and the time of passage at successive downstrearn loca-
tions. By such determinations at selected rates of discharge a rela-
tionship between discharge and time-of-travel is being developed
fur principal Maryland streams.

SUPPORTED BY Maryland State Government
U.S. Dept, of Interior - Geological Survey

TIME OF TEAVEL - PRINCIPAL MARYLAND

2.0566, EXPLORATION AND MAPPING OF THE SALIS-
BURY PALEOCHANNEL
J.M. WEIGLE, Johns Hopkins University, State Geological Sur-
vey, Baltimore, Maryland 21218

A major aquifer consisting of a buried channel filled with
sand and gravel of Pleistocene age occurs several miles north of
Salisbury, Md. The objective of this project is to gain further
knowledge about the extent and limitations of the aquifer and
provide cxperience in application of techniques for more rapid lo-
cation of such features. Plans include test drilling, gamma-
logging, obtaining material samples and preparation of map(s)
showing the extent and character of the channel.

SUPPORTED BY Maryland State Govcrnment
U.S. Dept. of Interior - Geological Survey

2.0567, SOURCES, MOVEMENT, AND DISTRIBUTION
OF SEDIMENT IN A SMALL WATERSHED
M.G. WOLMAN, Johns Hopkins University, Graduate School,
Baltimore, Maryland 21218

The proposed study will be directed toward an understanding
of the system by which sediment is removed from upland surfaces
and makes its way downstream and thence out of a drainage
basin. The proposed research will test the fundamental working
hypothesis in geomorphology which states that under normal cir-
cumstances a kind of equilibrium cxists in the landforms within an
area. This hypothesis further postulates that landforms change
only very slowly, and that over relatively short periods of time the
forms are so adjusted to thc existing proccsses that material
eroded from the landscape is transported throughout the drainage
system without producing major changes in the forms of hill
slopes, vallcy bottoms and river channcls.

SUPPORTED BY U.S. National Science Foundation

2.0568, SOURCES, MOVEMENT, AND DISTRIBUTION
OF SEDIMENT IN A SMALL WATER SHED
M.G. WOLMAN, U.S. Dept. of Interior, Water Resources Divi-
sion, Baltimore, Maryland 21218

Recent studies of delivery of sediment from watersheds in-
dicate that in many cases the computed quantity of sediment
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which leaves the surface of a drainage basin may be considerably
more than the amount of sediment delivered to reservoirs at some
downstream location, taking into account the trap efficiency of
the latter,

This study is directed toward an understanding of the system
by which sediment is removed from the upland surfaces and
makes its way downstream and thence out of the drainage basin.
It has been suggested in the litcrature that the flood plainactsasa
storage site for the intermittent movement of sediment
throughout the strcam system. Before sediment reaches the
stream system from the hill slopes, however, it may pass either
from hill slope to stream channel or through an intermediate stage
represented by the colluvium at the valley margins, This stage of
colluvium and flood-plain storage and migration is perhaps the
least well understood portion of the system.

Stream flow and sediment discharge are being measured at
two locations, one located directly below a source area of 100
acres of agricultural crop land, the other downstream at one
square mile, Most of the intervening area is forested thus provid-
ing relatively little additional sediment inflow. Comparisons of
particle size and sediment load by individual storms are being
made. In uddition, measurements of channel cross sections, parti-
cle movement, and slope processes are being made. Geomorphic
studies including both stratigraphic observations and mapping are
being undertaken to establish long term trends and history in the
drainage basin as a basis for evaiuating and extrapolating relative-
ly short term measurements.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0569, EXTENT OF BRACKISH WATER IN TIDAL
RIVERS, MARYLAND

S.G. HEIDEL, U.S. Dept, of Interior, Water Resources Division,
Baltimore - Towson, Maryland

This research is part of the program of water resources in-
vestigations conducted by the U. S, Geological Survey in coopera-
tion with the State of Maryland.

Purpose: To delineate the boundary zone between brackish
and fresh water and provide information to permit maximum
utilization of the water in the tidal portions of Maryland rivers.

Methods: Location of the saline water front in all the inland
tidal areas of Maryland at varying conditions of tide and runoff
and different seasons of the year will be determined through use
of continuous conductivity recordcrs, periodic spot measurc-
ments of chloride concentrations and detcrmination of river
profiles of salinities. A comprehensive report will be prepared on
the extent and variation of the salt water encroachment in surface
waters on the basis of these field observations and available sup-
plementary information.

SUPPORTED BY U.S. Dept. of Intcrior - Geological Survey
Maryland State Government

2.0570, RICE CULTURE
C.R. ADAIR, U .S. Dept. of Agriculture, Beltsville, Maryland

Object: To determine the effect of time and method of seed-
ing; time, method, 2nd rate of application and ratio of the various
fertilizer elements; and the effect of stage of maturity when har-
vested and of the temperature during the périod of maturation on
plant growth, grain yield and on chemical, physical and cooking
characteristics of new rice varieties.

Plan of Work: Early, midseason and late maturing advanced
breeding lines and standard commercial types of rice will be
grown in a quadruplicated split-plot experiment with varieties as
the main plots and fertilizer rates as the subplots. These experi-
ments will be conduvted in a similar manner at the southern rice
stations although the amounts and time of application of the fer-
tilizer and the varieties and selections used may differ slightly. In
California, the same general plan will be used except the rice will
be sown in water and different varieties used. The response to
photo-period and temperatures will be determined by growing the
various advanced breeding lines with standard commercial types
in replicated plots sown at early, midseason and late dates. Similar
cxperiments will be conducted in regard to seeding rates and
methods, and effect of stage of maturity when harvested in quality
characteristics.
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SUPPORTED BY U.S. Dept. of Agriculture

2.0571, REYNOLDS CREEK WATERSHED STUDY
W.R. HAMON, U.S. Dept. of Agriculture, Beltsville, Maryland
The objective of this study, initiated in 1961, was to conduct
research into the basic principles and factors involved in und af-
fecting ficld runoff, water yields, and sediment movement from
sagebrush range watersheds in the northwest. The study site is
located in the Reynolds Creck watershed drainage approximately
45 miles southwest of Nampa, Idaho.

SUPPORTED BY U.S. Dept. of interior - Bu. Land Mgmt.
U.S. Dept. of Agriculture

2.0572, PHYSIOLOGICAL STUDIES OF ALFALFA AS RE-
LATED TO COLD AND HEAT TOLERANCE, DROUGHT
RESISTANCE, AND FORAGE QUALITY AND YIELD

C.H. HANSON, U S, Dept. of Agriculture, Beltsville, Maryland

Object: To determine the cffects of temperature, light,
moisture stress, and other environmental factors on alfalfa growth
and quality, and to study the physiological basis of resistance in
alfalfa to drought, heat, cold, disease, and insects.

Plan of Werk: Study will be made of (1) the effects of
removal of alfalfa seced coats before grinding, length and scverity
of grinding, and addition of bovine serum albumin on oxidative
phospt~rylation, with attention to possible beneficial cffects of
serum albumin resulting from tying up lipid-like material which
may inhibit respiration and phosphorylation, Correlations will be
made between varietal differences in cold resistance and
mitochondrial activity with alfalfa seediings undergoing harden-
ing. In the initial coumestrol experiment, Ranger alfalfa will be
grown in sand nutrient cultures under three temperature regimens
(95 degreces, 80 degrees and 65 degrees Fahtenheit during the 16-
hour daily illumination period and 80 degrees, 65 degrees and 5-
degrecs Fahrenheit during the respective 8-hour dark periods.
Light intensity will range from 1800 to 2000 foot-candles. A
phosphorus level variable will be included. The alfalfa will be har-
vested at four stages of growth. At cach sampling, plants will be
divided into growing tips, lcaves, stems, and flowers plus flower
buds (when present), and coumestrol content determined, Other
variables for study will include length of the photoperiod,
moisture stress, other nutrients, and Rhizobium symbiosis.

SUPPORTED BY U.S. Dept. of Agriculture

2.0573, LABORATORY TESTING OF HYDRAULIC FOR-
MULATIONS FOR OPEN CHANNEL FLOW
H.N. HOLTAN, U.S. Dept. of Agriculture, Beltsville, Maryland

Object: To physically test flood routing equations derived
from simultaneous solutions of equations for continuity of mass
and motion; to relate deviations betwecn observed and predicted
flow depths to the second flow pattern developed during transi-
tion from channel to out- of-bank fiow; and to test a reformula-
tion of Manning's equation for estimating flow velocities.

Plan of Work: Tests will include two types of channel
models-- straight rectangular channel in a rectangular flood plain
and a mecandering rectangular channel in a flood plain. Each
channel flood plain gcometry will be studied by varying channel
width, depth, and roughness coefficient, width and roughness
coefficient of the flood plain, and depth of the channel below the
flood plain. Each channel geometry combination will be sub-
jected to steady uniform flow, steady, nonuniform flow, aad un-
steady, nonuniform flow. For cach test, the depth of flow, water
surface topography, fateral and longitudinal velocity components
will be measured and recorded on punch cards or tape for com-
puter analysis,

SUPPORTED BY U.S. Dept. of Agriculture

2.0574, BREEDING AND EVALUATION OF IMPROVED

VARIETIES OF PERENNIAL COOL-SEASON GRASSES

ADAPTEDR TO SEMIARID AND ARID REGIONS

A. HOVIN, U.S. Dept. of Agriculture, Beltsville, Maryland
Object: To select or develop by appropriate breeding

methods superior varieties of the wheatgrasses, ncedlegrasses,

and wildryes. Characteristics sought include increased productivi-

ty and persistence, seedling vigor, better seed size, shattering and
lodging resistance, adaptation to specific environments, and dis-
case and insect resistance.

Plan of work: Breeding methods which include inbreeding,
hybridization, various types of progeny testing, and procedures
for evaluating progeny response will be compared. The heritabili-
ty of quantitative characters will be studied. The physiological
response of strains will be studied. Interspecific and intergeneric
crosses will be attempied in the search for superior adaptive
characteristics and to create new forms for usc in range revegeta-
tion. Particular emphasis will be devoted to increasing the range
of adaptation of these grasses through hybridization and plant in-
troduction. Regional tests will be developed and sced distributed
to agencies interested in evaluating new cxperimental varieties.
(1.6 pmy per yr.) Cooperation: Nebr., N. Dak., Okla., and Utah
Agr. Expt. Stas; and others.

SUPPORTED BY U.S. Dept. of Agriculture

2.0575, BEHAVIOR AND FOOD PREFERENCES OF IN-
TRODUCED ANNUAL FISHES IN RELATION TO
MOSQUITOES

C.H. SCHMIDT, U.S. Dept. of Agriculture, Beltsville, Maryland

Object: Basic studies are to be conducted at Riverside both in
the laboratory und a well-equipped aquatic field-study station on
food preferences, survival, habitat adaption, fecundity, prey-seek-
ing ability, and competition with indigenous fishes of introduced
annual fishes of the family Cyprinodontidae. Laboratory and field
aquaria along with sampling equipment are available for these
studies in Riverside. In both laboratory and field environments
annual fishes will be studied to determine their feeding habits and
their preferences for bottom or top feeding activity and their
ability to reduce populations of different types and species of
mosquitoes. The effects of temperature, pH, and desiciation on
survival, cgg hatch, and fecundity of annual fishes under both
laboratory and field conditions will be studied. Aestivation and
hibernation along with the cffect of drying cggs will be studied at
varying temperatures and with different soil types. Comparative
feeding, behavior, and survival of annual fishes and the mosquito
fish, Gambusia offinis, will be made in field aquaria.

SUPPORTED BY U.S. Dept. of Agriculture

2.0576, BIOLOGY AND CONTROL OF SALT-MARSH
AND RICE-FIELD MOSQUITOES IN GULF COAST AREAS
C.H. SCHMIDT, U.S. Dept. of Agriculture, Beltsviiie, Maryland

Object: To study the biology and control of mosquitoes espe-
cially in coastal marsh and rice growing areas of Louisiana.

Plan of work: Marsh arcas will be classified as to topography,
vegetation, soil, ctc., and mosquito breeding potential deter-
mined. Studies will be made of cgg populations and preferred
oviposition sites in relation to cnvironment; the physiology and
embryonic development of different species of cggs; and effects
of single, successive, and continuous floodings on cggs of various
ages. The cffects on mosquito breeding will be determined under
different water management procedures in relation to cnviron-
mental changes, and under different soil and water management
schemes. Adult mosquito abundance and seasonal trends will be
measured in relation to breeding conditions. Studies will be made
of migration habits of different species, in relation to age and en-
vironmental and meteorological conditions; sex attraction in dif-
ferent species and factors affecting adult female attraction to man
and animals; isolation and development of sex attractants;
parasites, predators, pathogens and other biological agents that
attract mosquito larvae and methods for their mass production
and distribution; and insecticides, chemosterilants, and other
materials for use against mosquitoes.

SUPPORTED BY U.S. Dept. of Agriculture

2.0577, THE EFFECT OF PREDATORS AND PARASITES

ON THE BREEDING POTENTIAL OF MOSQUITOES

C.H. SCHMIDT, U.S. Dept. of Agriculture, Beltsville, Maryland
Object: To determine predators and parasites of mosquito

larvae found in coastal-marsh areas of Louisiana and to study in
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this area their influence on the breeding potential of mosquitoes
and factors affecting their role in the control of mosquito larvace.

Plan of work: In salt-, brackish-, and fresh-water areas,
ditched, impounded and natural marshes will be sclected for stu-
dies on predators and parasites of Aedes sollicitans and other
marsh-breeding species of mosquitoes. The types of predators and
parasites, particulary predatory fishes and aquatic insects which
thrive under wide ranges of cnvironmental conditions, which are
prevalent, will be determined. For cach predatory species the
relative preference for feeding on mosquito larvae compared with
other food items will be studied in laboratory and small-field plot
environments. The cffect of various factors, such as the species of
aquatic plants present and their density and fluctuations in water
level and salinity, on the abundance of predators and parasites,
and their cffectivencss in reducing mosquito populations will be
determined. As opportunities present themselves in the course of
ficld work by the contractor, he will collect marsh mosquito lar-
vac which show signs of infection by pathogens and transmit this
material to the Insects Affecting Man and Animals Rescarch
Laboratory at Lake Charles, Louisiana, for study by specialists in
mosquito pathology.

SUPPORTED BY U.S. Dept. of Agriculture

2.0578, DIFFERENTIAL RESPONSE OF SORGHUMS TO
DIFFERENCES IN CULTURE AND ENVIRONMENT
G.F.SPRAGUE, U.S. Dept. of Agriculture, Beltsvilie, Maryland

Object: To conduct basic physiological and biochemical in-
vestigations on grain sorghum to provide information about the
cffects of environmental factors, such as temperature, moisture,
light and nutritional status on basic mechanisms of plant growth
and mctabolism, and ultimately, on grain yield and quality, and
about other physiological phenomena.

Plan of work: Research will be conducted in the laboratory,
greenhouse, growth chamber, and/or field on: (1) drought re-
sistance, including the cfficiency of water use at varying levels of
moisture availability and nutrients; (2) the cfficiency of light
utilization at varicus population densities; (3) relative growth
rates of different height and maturity genotypes under varying
conditions of moisture stress, population and nutrient levels; and
(4) the rclationship of content and composition of protein in the
grain to date and rate of planting, fertility level, genotypes of
plant, and moisture regime.

SUPPORTED BY U.S. Dept. of Agriculture

2.0579, HIGHWAY DRAINAGE STUDY
H.W. PIPER, Univ. of Muryland, School of Engineering, Coliege
Park, Marvland

This project contemplates reviews of current drainage prac-
tices in various parts of Maryland. Particular attention will be
directed to methods of removal of surface water and ground
water with respect to adequacy and efficiency. Laboratory and

field studies will be undertaken to improve current drainage
designs.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Maryland State Government

2,0580, THE DETERMINATION OF ZONES OF INTENSE

CONTRIBUTION TO STREAM FLOW AS RELATED TO
THE CONCEPT OF PARTIAL AREA CONTRIBUTIONS
R.M. RAGAN, Univ, of Maryland, School of Engineering, College

Park, Maryland

The proposal is to develop a simulation model of a watershed
that will be capable of isolating components of the runoff cycle of
the watershed for intensive investigation. Numerical investiga-
tions of data already available from a pair of well-instrumented

research watersheds will be made using the IBM 7094 Digital
Computer.

2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Maryland

2.05%\1/, PARTIAL AREA CONTRIBUTION TO STREAM
FLO
R.M. RAGAN, Uniy. of Maryland, School of Engineering, College
Park, Maryland

The proposal is to develop a simulation model of a
watershead that will be capable of isolating components of the ru-
noff cycle of the watershed for intensive investigation. Numerical
investigations of data already available from a pair of well-instru-
mented research watersheads will be made using the IBM 7094
Digital Computer. The study proposed is a continuation of work
initiated under project B-003 MD in September 1968.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Maryland

2.0582, SOIL - PLANT - WATER RELATIONSHIPS
C.W. REYNOLDS, Univ. of Maryland, Agricultural Experiment
Sta. , College Park, Maryland
Objective: 1. To determine the influence of plant and en-
vironmental variables upon water extraction from the soil profile.
Description of Work Proposed: Effects of irrigation treat-
ments, varieties, plant populations, stages of growth, and growth
retardants or water extraction patterns of selected vegetable
crops will be determined. Extraction from various depths of the
rofile will be measured with the neutron moisture meter and re-
ated to patterns of root development of the crops.

SUPPORTED BY U.S. Dept. of Agriculture
Maryland State Government

2.0583, STUDY OF ROOT DISTRIBUTION AND DENSITY
OF VEGETABLE CROPS

C.W. REYNOLDS, Univ. of Maryland, Agricultural Experiment
Sta. , College Fark, Maryland

Objectives: 1) To delineate the pattern of root development
of selected vegetable crops through the soil profile in soils of dif-
ferent types. 2) To meastre the relationships between the density
and distribution of roots of vegetable crops and the losses of water
from the soil profile as measured by the neutron meter. 3) To
determine the relationships between the density and distribution
of roots of vegetable crops and the absorption and utilization of
p32 from different zones of the soil profile.

Description of Work: Roo: distribution of selected vegetable
crops (including snap beans, tomatoes, and sweet potatoes) will
be estimated at intervals during the growing season by a) obtain-
ing soil cores and extracting roots from the samples obtained at
various locutions in the soil profile, b) measuring the absorption
by plants of p32 emplaced at different locations in the soil profile,
and c) by determining losses of water from various layers of the
profile with the neutron moisture meter. A limited number of
plants will be cxcavated during the season to determine the extent
and distribution of root systems.

SUPPORTED BY U.S. Dept. of Agriculture
Maryland State Government

2.0584, EXPERIMENTAL AND THEORETICAL STUDY
OF THE HYDRODYNAMICS OF DISPERSION IN RIVERS
AND ESTUARIES
M.P. TULIN, Hydronautics Incorporated, Laurel, Maryland

The general aims of the proposed research are: 1. To im-
prove understanding of river hydraulics inasmuch as it has a bear-
ing on dispersion. 2. To develop methods enabling the calculation
of the velocity distribution in streams, which may be used to
determine the dispersion coefficient, and to provide systematical
experimental assessmeni of the results. 3. To provide experimen-
tally verified, quantitative results relating to dispersion in chan-
nels with varying aspect ratio and boundary roughness distribu-
tion. 4. To develop quantitative verified theories relating com-
ponents of the dispersion tensor to the mean flow characteristics.
5. To provide useful and verified information and procedures
relating to the scaling and model testing of dispersion in streams.

1-107




e o 3 o e R,

2. WATER CYCLE
SUPFORTED BY U.S. Dept. of Interior - C. Water Res. Rch

2,0585, THE EFFECT OF OCEAN WATER INTRUSION
INTO BACK BAY, VIRGINIA, AND CURRITUCK SOUND,
NORTH CAROLINA, ON THE WATERFOWL AND FISH
HABITAT
J.L. SINCOCK, U.S. Dept. of Interior, Patuxent Wlife. Res. Ctr. ,
Laurel, Maryland

The initial investigation into the ecology of Back Bay, Vir-
ginia, and Currituck Sound, North Carolina, was terminated on
Mazrch 7, 1962, when an Atlantic Coastal storm introduced ocean
water into the fresh to slightly brackish water of the area. The
second phase of the investigation is now in progress and its objec-
tives are to determine the cffects of the increased water salinity
on the waterfow! and fresh water fish habitat, The methods em-
ployed are identical to the first phase of the investigation.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

2.0586, MICROBIOLOGY OF MARINE AND ESTUARINE
INVERTEBRATES

R.R. COLWELL, U.S. Dept. of Intcrior, Biological Laboratory,
Oxford, Maryland

A study of the natural bacterial flors of oysters and as-
sociated invertebrate animals has been initiated. Animals from
specified areas of Chesapeake Bay and off the Atlantic Coast are
being sampled, using specified aseptic techniques to determine
the quantitative and qualitative bacteriological flora of the
animals. The normal commensal flora of oysters is being deter-
mined by cxamination of the shell liquor, body flesh, and in-
testine.

Standard bacteriological procedures are being followed for
sampling, testing, «.nd analysis. However, newer techniques of
diagnosis and taxonomy will be applied, including the high-speed
computer methods and the nucleic acid analyses, techniques
developed and/or adapted by the Principal Investigator in previ-
ous published research.

Ancillary studies of the environment of the animals, i.e.,
water and mud samples, are also being undertaken. Unique fea-
tures of the bacterial populations which are observed will be stu-
died in detail.

The work is being undertaken at Georgetown University with
the active collaboration of personnel at the Biological Laborato-
ry, Bureau of Commercial Visheries, U. 8. Fish and Wildlife Ser-
vice, Oxford, Maryland.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

2.0587, FIRE WEATHER FORECAST TECHNIQUES
R.C. ELVANDER, U.S. Dept. of Commerce, Weather Bureau,
Silver Spring, Maryland 20910
To develop objective Fire Weather forecast techniques in the
prediction or temperature, relative humidity, winds, precipitation,
and thunderstorms over selected stations throughout the U. S.
Multiple regression and screening of surface and upper air
predictors on dependent samples, and application to the National
Meteorological Center prognoses in forecast operation.
Techniques will be developed for both local and centralized use.
An objective system of map typing will be used to stratify the data
and a special study will be made of the Santa Ana winds.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

2.0588, NUMERICAL PRECIPITATION MODEL
H.R. GLAHN, U.S. Dept. of Commerce, Weather Bureau, Silver
Spring, Maryland 20910

To develop numerical models whic’: will predict precipita-
tion on a scale of about 50 miles and a time scale of about 3-hours
for up to 18-hours projection. Subsynoptic forecasts of this type
are required by many special users, as well as general public.

Existing models will be adapted to the smaller scale in a
workable manner and present computer programs will be stream-
lined so that latest possible data can be used.

As of July 1968 the Subsynoptic Advection Model is ex-
pected to be fully operational. Extension of the model or the
development of a different mode! to be used in the western U.S.

will probably be desirable. This task is part of a project which will
continue until June 1972,

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A,

2.0589, NATIONWIDE
FORECAST TECHNIQUES
W.H. KLEIN, U.S. Dept. of Commerce, Weather Bureau, Silver
Spring, Maryland 20910

To improve and automate nationwide forecasts of precipita-
tion probability, timing, and amount for public and hydrologic
use.

Conditional probabilities of precipitation are computed for
108 cities. Multiple regression equations are derived for cach city
by the screening program. The equations are applied to NMC
prognoses to forecast precipitation 12-72 hours in advance. Also,
forecasts of net vertical displacement and moisture are prepared
from 3 dimensional computers trajectories on a current basis and
related to clouds and precipitation by synoptic, theore